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BKITISH GUN-BOATS IS CIIIM. 



In the course of a late cruise on the southern and eastern 
coasts of Asia, I made many examinations of the Gun-boats em- 
ployed by the British in the capture of Canton, and in other hos- 
tilities against the Chinese during the years 1851 and 1858. 
These Gun-boats were some of those constructed in 1856, by the 
Admiralty, for a projected attack upon the fortifications of Cron- 
etadt ; as this attack was not made, their adaptation for such a 
purpose was not tested ; but those sent to China proved of in- 
dispensable service in the military operations on that coast, and 
fully established the great value of this descriiition of vessel 
for iittoral warfare. By the courtesy of their engineers, I exa- 
mined them both in dock and afloat ; took the dimensions of 
their hulls and machinery, inspected their log-book-i, obtained 
many indicator diagrams from their engines, and received a can- 
did account of their performance and general efBciency, in the 
varions circumstances under which tbey had been tried. 

These Gun-boats were of three classes, and were known as gun 
boats of 40, 60, and 80 nominal horses power. The CO horses 
power class was the original type, and the other two classes were 
merely variations on it. The hulls were of wood, plainly finished, 
and did not possess more than the nsual strength given to naval 
steamers of their tonnage. The 40 horses power class was rigged 
ns two-masted fore-and-aft schooners ; the 60 horses power class 
was ri^ed as three-masted fore-and-aft schooners ; tho 80 horses 
power class was rigged as three-masted fore-topsail schooners. 
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A light jib-boom was carried, but the bows of ail were without 
eitlier cut-water or bowsprit, w order to permit the forward pivot 
gan to stand over the line of the keel aud fire directly ahead. 
The hulls of all had the same beam, namely, 23 feet ; but they 
differed ia lecgth, deptli, and draught of water ; those of the 40 
horses power class were 109 feet 10 icches ioug, those of 
the 60 horses power class were 100 feet long, and those of the 
80 horses power class were 125 feet long between perpend icalars. 
The water-lines of the 40 and 60 horses power classes have 
much fullness, the floors have little dead-rise, and the bilges 
are bat slightly rounded. The water-lines of the 80 horses 
power class are sharper, the bilges better rounded, and there is 
more dead-rise to the floor. The load draught of water of the 
40 horses power class is 6 feet ; of the 60 horses power class, 7J 
feet; and of the 80 horses power class, 8J feet. 

The armament of the 40 and 60 horses power classes was the 
same, namely, one 8 iuch shell gun of 95 cwt. (sometimes a long 
solid 32-pounder was substituted), pivoted on the bow ; one 10 
iiioh shell gun (sometimes an 8 ineli shell gun was sabs titn ted), 
pivoted amidships ; and two 24-ponnder brass howitzers aft. The 
40 horses power class was orignally intended to carry only one 
10 inch shell gun. The armament of the 80 horses power class 
was two brass 24-pounders aft, two brass 34-pounders forward, 
one 10 inch shell gun pivoted amidships. When the battery was 
fired in the broadside direction, the vessel heeled over greatly 
beneath the recoil, although fitted with projecting rolliug-plank 
on the bilges. 

Each Gun-boat was ofQcered by a lieutenant commanding, a 
mate, and two engineers. The crew consisted of thirty-five men. 
The quarters for both officers and crew were very small, and the 
vessels were exceedingly uncomfortable. Of coarse, the 80 
horses power class, being the largest and fastest vessels, was de- 
cided to be the best of the three classes. The hulls of all these 
classes were very deficient in stability, most of them carrying, 
for two-thirds their length, a plank 18 or 34 inchea wide project- 
ing from their bilges at an angle of about 45 degrees with the 
horizon, for the purpose of lessening their excessive rolling under 
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the recoil of their guns, as well as from the oscillation of the 
waves. None of the Grun-boats carried their battery at sea, their 
guns being traDsported by larger vessels. The 40 and 60 horses 
power classes were towed from England to China by large 
steamers ; the 80 horses power class sailed the distance with 
their screws hoisted out of water, and are said to have proved 
themselves good sea-boats. All the Gun-boats carried but four 
days' water in tank depending entirely upon tbeir distilkng aj 
paratus for their daily supply The kast possible quantity of 
provisions was tarried, and the coal m bunker wao limited to 
tbree and a half or four days' steaming both on account of defi 
nency of space and to teduce the veisels di\u^ht of watci 
The smoke pipes w ere hinged, in oidei to be lail upon the deck 
rthen the VL'isel v.&^ under sail alone 

The michmcry of the SO hoises power class wis construt-ted 
by Mdudslay , the michinery of hilf the 60 horses power class 
was also constiULted by Maudslay and that of the remaining 
hilf by Pcnn who used hia trunk lyatcm , the machinery of half 
the 40 horses power class was constructed by Mandslay, and that 
of the remaining half by Penn ; both builders using the same sve- 
tera and same dimensions. The 80 and 60 horses power classes 
were fitted with two engines ; the 40 horses power class had 
only one engine. All the engines were hod-cod den sing, direct 
acting, and horizontal ; and when two were used, tioth were placed 
00 the same side of the keel. There was no separate espansion 
valve, but the steam was cut-off by lap on the steam valve, and 
the link motion. 

T^iie boilers, wluL'h were three io nnmbcr for tlie 80 and 60 
horses power classes, and two in number for the 40 horses power 
class, were all of the same type. They had cylindrical shells 
with fiat ends ; the farther smoke connection, or uptake, was of 
thin iron, bolted to the shell, but not composing part of it. In 
the near end of each boiler was an inner cylinder of 26 inches 
diameter, the upper half of which was the furnace and the lower 
half the ash-pit. The principal heating furnace was composed 
of iron tubes, lying horizontally, in the same direction as the fur- 
naces and immediately behind them ; the upper row of flues was 
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uptake, could be swept of its ashes instantaneously and very 
completely by a steam jet of 2 inches diameter, which drove them 
oat of the top of the chimney ; though when this operation was 
performed it was necessary, for an obvious reason, to bring the 
wind abeam. The maximum -Bteam pressure these boilers were 
intended to be worked at, was 60 pounds per square inch above 
the atmosphere, but the usual average was 40 pounds. At the 
chimney end of the boiler there was a passage with a hatch 
over it ; the passage was 3 feet wide to give room for sweeping 
the flues. A passage 21 inches wide extended also along both 
sides the boilers. The coal was principally stowed on both sides 
the engines and boilers, extending somewhat over them, and 
serving as a protection against shot ; the remaining portion was 
stowed forward of the bulkhead. The whole of the machinery, 
in all the vessels, lies below the water lino, and the length it oc- 
'cupies between bulkheads is about 32 feet. 

AH the Gun-boats are propelled by two-bladed true screws, 
which are fixed with the 40 and 60 horses power classes, but 
hoist up with the 80 horses power class. The screw and engine 
shafts can be disconnected by unbolting a pair of discs ; this, 
however, is a slow process, and when it is desired to drag the 
screw revolving, the connecting-rods of the two engines are un- 
keyed from their crank-pins, 

I will now give the dimensions of the hull and machinery of 
each class in detail, together with its performance. 
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60 Horses Power Class. 

Ill 1 w th 1 tjpe of Gun-boat, and tlie object 

li d w 1 t t t was to produce a tcsscI that 

Id [.p t tw g f I calibre for battering at point 

bl k f m d ijl f t and at the same time offer a 

t g t f tl 11 t p II ize to the enemy. For this par- 

p th I w t b f y small dimensions with pretty 

f 11 w t 1 t b I w th water, ami to hare so light a 
d ht a. t I lit lose in shore ; as they were to 

th fi f th h t h stile ordnance, their machinery 

w t 1 ] t t 1 by b j.laced below the water line, and 

I li th J It f tl lb kers. Their steam power was 
tlwhtw yt y them rapidly in and out of 

act , and for prompt manifiuvering against wind and current. 
As these vessels were constructed for the sole purpose of attack- 
ing Cronstadt, and were expected to be destroyed in that service 
(for both officers and crews were to bo Tolunteers), excellence of 
model, kind of machinery, economical application of the power, 
capacity to perform sea voyages of reasonable length, etc., were 
quite secondary considerations — very different from what they 
would have been, had the vessels been destined for general 
instead of such special service. The great considerations were, 
small size hull, large size ordnance — the machinery being simply 
that which would weigh the least, cost the least, occupy the least 
space, and yet be sufBcient for working the vessels quickly even 
against the current and wind, on the few occasions it was ex- 
pected to use them. The accommodations for officers and crew, 
and the quantity of coal and stores carried, were, for the same 
reason, unimportant matters. The cannon, stoves, coal, etc., 
were to be carried to the scene of action by large screw steamers, 
from which the Gau-boats were to be fitted out, and sent in as 
bull-dogs to bait a bear. As a necessary consequence of this 
programme, the hulls were made with tolerably full water-linos, 
to give strength and displacement ; the spars were made very 
small, and the machinery adopted was a light non-condensing 
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engine, working at a higli rotatory sp d h m j 

of fiom 50 to 60 pounla pei '-qmr« in 1 b tli tm ph 
and following fui two thirds tiit stiolv f p Tb b I 

wete tubular, with cucuhr sliclls— simpl y f ss f p t 
and readiness of access for quick and y I b tl 

gOYCrmiig objects Only 28 tons of 1 w d tli 

bunkers, very little watei «aB taken 1 k t k th d til 
apparatus bein^ depended on ioi the d ly 1 1 iy I is 
and stores were al=o restnr ted to the 1 t q t ty 1 tl 
the officers and crew, limited to the fewest number, were thrust 
into what little -jpiee remamed 

It has aheady brm staled that the machinery of half the 
Tessels of thia diss nas coii'.tructed by Maudslay, and of the 
other half by Penn The total tt eight of Maudslay's machinery 
indudmt; spare pieces and the water in the boilei's, was 32^ 
tons The dimLnsioiis of the hull will be given first, and then 
the dimensions of tho mai,hmery by eich builder, and the per- 
fuimance of the vessel nith it 

Dimensmis of Ihe TIull. 

Length over all, 106 feet. 

Length between perpendiculars, 100 " 

Breadth of beam, extreme, 32 " 

" " moKed, 21 " 2 inches. 

Depth of hold, 7 "10 " 

Dranght of water, with half j ^*'™^'"^' C " 9 - 

, , . . . i Mean, , . 6 " lOi " 
coal and provisions oat, 1 ' ^ 

^ [Aft, .... 1 •' Q " 

Deep load draft aft, 7 " 6 " 

Greatest immersed transverse section at 

6 ft. 10^ ins., mean draught of water, 130 square feet. 
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Dvmendoiis of the Engints. 

Number of cylinders, 2 

Diameter of the cyiinders, 15| iuclies. 

Stroke of tlie pistons, 18 " 

Space displacement of both pistons per 

stroke, 3.031 cubic Icf 

Diameter of piston rod, 2 inches. 

Stroke of steam valve, 4^ " 

Lap " " 4 " 

Area of steam port (1^ by 10 inclios),. 15 square i(JS. 

Area of exbaast port (2J by 10 inches), 25 '■ 

Diameter of main shaft, 5^ inches. 

Weight of engines, 8 tons 14 cwc. 

Uimensiuns of the Boilers. 

Nnmbur of boilers, 3 

Length of the cylindrical shell of the 

boiler, 15 ft. 4 iriK. 

Length of the cylindrical shell of tlie 

boiler and the uptake l"! ft. 4 ins. 

Diameter of'the cylindrical shell of the 

boiler, .* 4 feet. 

Number of furnaces in each boiler, 1 

Breadth of grates in each furnace, .... 36 inches. 

Length " " -' 4 ft. 6 ins. 

Total grate surface in the three boilers, 29.25 square ft. 
Number of iron tubes in each boiler, . . 82 

Internal diameter of tubes, 2 inehe.s. 

Length of tubes, 8 feet. 

Weight of each tube, 25 lbs. 

Tube surface in the three boilers, 1,030 square ft. 
Heating surface other than tubes 

in the three boilers, 110 

Total heating surface in the three boilers, I,li0 square ft. 
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Cross area of all the tabes, 5.361 sqnare ft. 

Height of diimnej above the grates, ... 24 feet. 

Diameter of the chimney, 2 " 

Weight of the three boilers complete, . . 13 tous 1 cwt. 
Weight of water in the three boilers, . . 9 toos. 



Dimeimons of the Screw. 

Diameter of the screw, 6 feet. 

" " imb, 10 inches. 

Pitch of the screw, 8 feet. 

Length of the screw in ths direction of 

its ajtis, 16 inches. 

Number of blades, 2 

Fraction used of the pitch, ^ 

Area of the blades projected on a plane 

at right angles to axis, 9.243 square ft. 

HelicoidaJ area of the blades, 11.210 " 

Mean angle of the helicoidal surface, in 

function of its propelling efficiency, . . 28° „ 52' 

Weight of the screw, . . 1 cwt. 2 qrs., or 840 lbs. 



Pcrforwanee with Maudslafs Maddmry, 

The following is the mas mum peifoiu a ue iu smooth water 
nninflaenced by wind or cmient 

Speed of the vessel \ er hour in knots of 

6,086 feet, ... ... 8.S8 

Number of double strokes of piston and revo- 
lutions of the screw made per minute, 154 

Slip of the screw in perceutums of its speed,. . 31 
Mean gross effective pressure on pistons in 

pounds per square inch, by Indicator, 40 

Gross horses power developed, by the Indicator, 201.82 
Calculated thrust of the screw in pounds, , . . . 4,552 
Throttle, Wide open. 
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Steam cnt-off at from commeQcement of stroke, f 

Back pressure against pistons above tlie atmos- 
phere in pounds per square inch, 6 

Steam pressure in boilers in pounds per square 
inch above the atmosphere, 55 

Pounds of steam passed through the cylinders 
per minute, inclusive of quantitj comprised 

n valves and pistons, 12T.59 



Bistribviion of the Power during Ike above Ferformance. 

The foliowing distribution of tlie power considers, that from 
the gross power developed by the engine, the power required to 
work the engines and shafting ^r se must be deducted, and that 
the remainder is the net power applied to the screw shaft. Of 
this net power, t^ per centum, as determined by the experiments 
of Morin, is first absorbed by the friction of the load, which is 
an additional friction to the friction of the engine ptr se, and is 
directly as the load or pressure under which the engine works. 
Deducting this T^ per centum from the net power, we have a 
remainder, part of which is absorljed in overcoming the cohesive 
resistance of the water to tha screw surface — that is to say, the 
resistance which the water opposes to separation by the passage 
of the screw blades through it in their helical paths ; this is 
sometimes, but erroneously called the " friction of the water on 
the screw blades ;" it is in the direct ratio of the surface and as 
the square of the velocity. From collating a number of experi- 
metrts, I find it to be 0.45 pound per square foot of surface, 
moving with a velocity of 10 feet per second ; and I have cal- 
culated this loss of labor, from this data. After deducting the 
power required to overcome the cohesive resistance of the water 
to the screw surface, the remainder is divided between the power 
expended in the slip of the screw and in the propulsion of the 
vessel, and in the ratio of the speed of the slip to the speed of 
the vessel. The same method of calculation has been adopted 
for every case, and the results are therefore strictly comparable. 
Proceeding, then, with the Distribution of the Power during 
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the above performance, and taking the pressure required to 
work the engines and shafting jwr s& at 2^ pounds per square 
inch of pistons, the power thus absorbed will be 12.99 horses. 

Deducting from the total power of 297.83 horses developed 
by the engines this power of 12.99 horses, there remains the 
power of i9i.83 horses applied to the shaft, of which 1^ per 
centum, or 14.61 horses, is absorbed bj the friction of the load. 

The power required to overcome the cohesive resistance of the 
water to the screw surface, calculated as above set forth, is 
10.31 horses. 

Deducting now from the power of 194.83 horses applied to 
the screw shaft the powers li.61 horses absorbed by the friction 
of tho load, and 10.31 horses required to overcome the cohesive 
resistance of the water to the screw surface, there remains 
169.11 horses power for the slip of the screw and the propulsion 
of the vessel. The slip being 31 per centum will, amount to 
52.61 horses power, leaving for the propulsion of the vessel 
in. 24 horses power. 

Collecting the foregoing, wc have thu following distribution 
of tiie power during the performance with the Maudslay machi- 
nery, namely : 



Gross indicator power developed by the 

engines 20T.82 

Power required to work the engines and 
shafting per st 12.99 

Net power applied to the screw shaft. . .194.83 or 100.00 

Power absorbed by the frictioD of the load, 14.61 " T.50 

Power expended in overcoming the co- 
hesive resistance of water to the screw 
blades, 10.31 " 5.29 

Power expended in the slip of the screw, . 52.61 " 21,03 

Power expended ia the propulsion of the 
vessel, 111.24 " 60.18 

Totals, 194.83 or 100.00 
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JPcMft's JtSachtnery. 

Dimensions of i/ce Engines. 

Namber of cylinders, 2 

Diameter of the cylinders 21 inches. 

Diameter of the trunks, H " 

Diameter of a plain cylinder wlioae area is 
equal to the annular area between cylin- 
der and trunk, 11.883 inches. 

Stroke of tho pistons, 12 

Space displacement of both pistons per 

stroke, 3.491 cubic feet. 

Stroke of steam valve, 5 inches. 

Lap " " li 

Area of steam port (2 by 9 inches), 18 square inches. 

" cshaust port (3J by 9 inches) 29^ " 

Diameter of main shaft 5^ inches. 

Dimensions of the Boilers. 

Sumber of boilers, 3 

Length of the cylindrical shell of the boiler, 14 feet. 
Length of the cylindrical shell of the boiler 

and the uptake, 16 " 

Diameter of the cylindrical shell of the 

boiler, 4 " 

Number of furnaces in each boiler, 1 

Breadth of grates in each furnace, 26 inches. 

Length " " " 4 feet 6 incbes. 

Total grate surface in the three boilers. . . 29.25 square feet. 

Number of tubes in each boiler 96 

Internal diameter of tubes, IJ inches. 

Length of tubes, 6 feet 8 inches. 

Tube surface in the three boilers, 754 square feet. 

Heating surface other than tubes in the 

three boilers, 110 " 

Total heating surface in the three boilers, 864 " 
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Cross area- of all the tubes S.514 aq. feet. 

Height of chimney above the grates, 24 feet. 

Diameter of the chimney,. 2 " 

Dimensions of the Screw. 

Diameter of the Screw 6 feet. 

" " hub, 10 inches. 

Pitch of the screw, 6 feet. 

Length of the screw in the directioa of its 

axis 9 ioches. 

Number of blades, 2 

Fraction used of the pitch ^th. 

Area of the blades projected on a plane at 

right angles to axis, 6.918 sq. feet. 

Helicoidal area of the blades 1.143 " 

Mean angle of the helicoidal surface in 

function of its propelling efficiency, 21" ,. 50i' 

Performance with. Perm's Machinery. 

The following is the masimura performance in smooth water 
nninfluenced by wind or current. 

Speed of the vessel per hour in knots of 6086 feet, , . 8.26 

Number of double strokes of piston and reyolutions of 
the screw made per minute, 185 

Slip of the screw in per centums of its speed, 24^ 

Mean gross effective pressure on pistons ia poands per 
square inch, by Indicator 32.96 

Gross horses power developed by the engines, by Indi- 
cator, 185.73 

Throttle, Wido open. 

Steam cut-off at from commencement of stroke, ^ds, 

Back pressure against pistons above the atmosphere 
in pounds per square inch, 6 

Steam pressure in boilers in pounds per square inch 
above the atmosphere, 48 



Hosted by 



Google 



[ GUN-BOATS IN CHINA. 11 

Pounds of steam passed through the cylinders per min- 
ute, inclusive of quantity comprised between valves 
and pistons, ISI.Ii 

DistrihUion of the. Power during the above Performance. 

Taking the pressare required to worlt the engines and shaft- 
ing, per se, at 2^ pounds per square inch of pistons, and making 
the calculations precisely in the same manner as before, we have 
the following for the Distribntion of the Power during the per- 
formance with the Penn machinery ; namely : — 

HoTses. Fcr Ceatnni. 

Gross Indicator power developed by the 

engines, 185.73 

Power required to work the engine and 

shafting jiej- se, 14.09 

Net power applied to the screw shaft,. . . 111.64 or lOO.OO 

Power absorbed by the friction of the load, 12,81 1.50 

Power expended in overcoming the coiie- 

sive resistance of the water to the screw 

blades, 10.03 5.84 

Power expended in the slip of the screw,.. 30.44 21.23 
Power expended in the propulsion of the 

vessel, 112.30 65,43 

Totals, 111.64 or 100.00 



Comparison of the Performances with Maudslay's and. with Pennh 
machinery. 

Tlie Boilers in both cases were equivalent, their typo, and the 
number of their furnaces were the same, and although they dif- 
fered in the dimensions of their tubes, which with Penn'a ma- 
chinery presented less surface and less cross area or calorimeter 
than with Maudslay's, yet as their draught was produced by an 
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artificial blast in the cliimney, wliatcver quantity of coal per unit 
of time could be burned in one case, conld be burned in tbe other, 
and with about equal evaporative effect, as we perceive from the 
experimental results. We may therefore assume, that the 
weights of steam passed through the cylinders per unit of time, 
correctly represent the weights of coal consumed to obtain them. 
The point of cutting off the steam and the back pressure against 
the piston was the same in both eases, and as the weight of steam 
used governs the number of revolutions that it is possible for the 
screw to make, therefore, under such circumstances, equal 
weights of steam in the two cases will give accurately the eom- 
farative naraber of revolutions that it is possible the screws could 
make, and by consequence the comparative speeds of the vessel. 
It will be observed, that in both cases equal weights of steam 
or fuel were used, while the resulting speeds were 8.38 knots per 
hour with Maudslay's machinery, and 8.26 knots with Penu's. 
We will now determine the relative quantities of steam or fuel 
required to give the vessel with Penn's machinery the same speed 
given witli Maudslay's. To produce this equality of speed, the 
number of revolutions made by Penn's screw must be increased 
ill the ratio of 8.26 to 8.38, when instead of 185 per minute it 
will become (3.26 : 185 : : 8.38 :) 181.69 ; to make which the 
mean gross effective pressure of 32.96 pounds per square inch 
must be ineeased in the following manner, namely ; — First de- 
duct from it the pressure of 2j pounds per square inch required 
to work the engines fer se, then increase the remainder in the 
ratio of the square of the numbers (185. and 181.69) of revolutions 
made in equal time, and add, finally, the pressure of 2^ pounds 
per square inch which was at first deducted ; the sum will be the 
gross mean effective pressure in pounds per square inch of pis- 
tons required to make 187.69 revolutions of the screw per min- 
ute. The mean gross effective pressure required to make 185 
revolutions per minute is 33.96 pounds per square inch, and de- 
ducting from it 2^ pounds there remain 30.46 pounds, which in- 
creased in the ratio of 185' to 187.69" becomes 31.34 pounds, 
adding to which 2| pounds, we have, finally, 33.84 pounds for the 
pressure per square inch of pistons required to make 187.69 re- 
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volutions of the screw per minute. The quantity of steam used 
per minate to produce this pressure will be 131.51 pounds, and 
as there were used for Mandshiy'a machinery 12t.59 pounds, wi. 
have finally ; that for a speed of yesse! of 8.38 knots per hour, 
the fuel with Maudslay's and with Penn's machinery will compare 
a9 127.50 to 131.51, or (- '-"T^S^""" ^) 3 per centom more 
will be required witli Peiiii's than with Jfaudsiay'a machinery. 

If, however, the comparison be made by taking the respective 
powers developed by the engines as the measure of the cost, and 
the cubes of the speeds of the vessel as the measure of the useful 
effects produced, we shall obtain a very different result ; because 
the weight of fuel consumed does not measure yroraia the power 
it produces. And this results from the facts, that while the 
mean effective pressure on the pistons per square inch differed 
much, the back pressures and friction pressures remained con- 
sUnt, Dud were consequently a higher per centage of the tola! or 
whole mean pressure used, reckoning from zero, in the case of 
the lower mean effective pressure than in the case of the hi<rher. 
The mean effective pressure with Maudslay's machinery was 
(40— 2i—) 31j pounds per square inch, adding to which the 
pressure of 2J pounds required to work the engines per se, and 
the back pressure composed of the atmospheric {14.1 pounds) and 
of that due to the blast and steam passages (6 pounds), we have 
a total mean pressure reckoning from zero of (31.5 4-2 5-1- 
I4.'I-i-6.0=) 60.7 pounds per square inch, of which the pressure 
usefully applied was (-^~=) 61.78 per centum. With Penn's 
maelrlnery, the mean effective pressure was (33.96—3,50 — ) 
80.46 pounds per square inch, adding to which the pressure re- 
quired to work the engines per se, and the back prei^sure com- 
posed of the atmospheric (14.1 pounds) and of that due to the 
blast and steam passages (6 pounds), we have a total mean pres- 
sure reckoning from zero of (30.46 + 2.50-1-14.70 + 6.00=) 
53.66 pounds per square inch, of which the pressuce usefully ap- 
plied was only 56.76 per centum instead of the 61.78 per centum 
as before with Maudslay's machinery. This difference is due en- 
tirely to the pressures employed, and is purely a queNlioii of cu- 
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proportion to the bulk of space displaced by its piston per stroke, 
than with Maudslay'a cylioder. Also, the quantity of steam 
consnioed in working the ciigines per se, was greater with Penn's 
than with Mandslay's ; because the pressure for this pnrpose be- 
ing for both the same 2^ pounds per square inch, the quantity of 
steam thus used would be as much greater with Penn's engine 
than with Mandslay's, as the product of the space displacemeut 
per stroke and the number of double strokes made per minute by 
he pistons of the former exceeded the similar product with the 
latter ; that is to say, the respective quantities of steam con- 
sumed in working the engines per se, was in the ratio of (3.491 
Xl85=) 645.835 for Penn's to (3.931x154=) 605.3U for 
Maudslay's, 

Having thus ascertained the relative economical efficiencies of 
Maudslay's and Penn's machinery considered as a whole, in rap- 
port of fuel, and discovered the causes of the differences ; there 
remains to ascertain the relative economical efBciencies in func- 
tion of the net power applied to the screw shaft ; that is, of the 
power which remains after deducting from the gross horses power 
developed by the engines, the power required to work them per 
se. For this pnrpose, these net powers will be taken as the mea- 
sure of the cost, and the cubes of the respective speeds of vessel 
as the measure of the nseful effects produced ; and the results will 
be as follows, namely : 
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Maud SLAY. 

3, md 1, 01458= =1.0442' 



Hence we see, that the applicatioD of the power hj Penn's screw 
WIS better tlian by Maudslay'sia the ratio of 1 00000 to 91993 
or siy 8 per centum , thus rcTersmg the result giyen \s hen the 
corapiri'^on was madi. in rappoit of fud in whiLh case Maud 
lajs jiachiiery as a uhoU gave an economiLal efficiency 3 per 
centum greater than Peun'a 

Of the net power applied to the screw shift in Maudslays 
micliinery there waa uselessly expended bv the screw in ovtr 
cimmg the cohesive resistance of the water to its passHije 5 29 
per centum, with Penn's screw this useless expenlitnre of 
poner wis 5 84 per centum or sensibly the same , but thi, loss 
of useful effbCt by the slip of the screw which vi ith Maudalay <! 
amounteil to 21 03 per centum of the net power applied to the 
shift was with Penn s only 21 33 pei centum 

It must heie be remaikpd that the forejjoiig compaiison has 
been made for steaming in smooth water and a calm , if how 
ever the lesistmce to the propelling eiFort of the screw he in 
creased by a rough sea a head wind or by towing another 
vessel tie sips of the two sciews would be increased in the 
ratio of that increased zesistance , for example suppose that 
fiom e thcr of the causes mentioned the rebistance to the pro 
pelhnn iffort of the screw be mcieased one th rd^i common 
case w hen steaming against a mo lerate head hreeze and swell — 
then the 31 per centum slip of Mtudalay a screw wonld become 
(31 X 1-^=^) 41J- per centum, while the 24j per centum slip of 
Penn's screw would become only (S^iXl^^^) 32| per centum ; 
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and Pentt's maduuery, owing to the better proportions of its 
screw, would become decisively superior to Maudslay's whichever 
way the calcnlation was raade, cither by fuel, gross, or net 
powers expended. The relativo economical efficiencies of two 
screws as determined by a trial in sraootli water and a calm, 
may be either exaggerated or reversed by a trial at sea under 
the conditions of wiad and wave usually fouud tbere. 

The 60 horses power class of vessels will steam steadily at sea 
in good weather, witli an average speed of G| knots per honr, 
cutting off by lap and the link motion at half stroke, and con- 
suming 8 tons of Welsh ccal per 34 hours ; at which rate they 
carry just 34 days' supply of coal in their bunkers, and raake a 
voyage ofSGl nautical miles. 



40 Horses Power Class. 

The draught of water of the 60 horses power class Gun-boats 
being found too great for certain descriptions of service, such as 
where oared boats had to be pursued close in shore and up shal- 
low streams; it was determined to build a class of the least pos- 
sible draught of water, and to that end all other considerations 
were to be sacrificed. The battery was to be reduced to a 
single 10 inch pivot shell gun ; tlie spars to two jury-masts with 
fore and aft sail, and a very light jib-boom ; and the machinery 
to a single engine of 40 nominal horses power supplied with 
^steam from two boilers only, the bankers stowing but 23 tons of 
coal. The hull, to gain the necessary additional displacement 
for lightening the draught, was made 9 feet ten inches longer 
between perpendiculars than the hull of the 60 horses power 
class ; the depth of hold was also lessened, but the same beam 
was preserved. The original intention was so far departed from, 
however, as regards battery, as to increase it to the same as the 
60 horses power class. . The 40 horses power class, owing to the 
enormous slip of its screw and consequent great waste of its 
power, possessed but little speed ; and the comfort of the persons 
embarked was of course much less than on board the other 
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classes ; it has naturally been condemned as tlie vrorst of tlie 
Gun-boat species, as indeed it is for all service wliere tlie otter 
classes can l)o employed ; but its draught of water is mueh less, 
and it can penetrate where they cannot. 

Dimensions of the Hull. 

Length over all, 116 feet. 

Length between perpendicnlars, 109 feet 10 inches. 

Breadth of beam, extreme, 22 feet. 

MeaQ draught of water with half coal and 

provisions out, 5 feet 3 inches. 

/ Forward, . 5 " 6 " 

Deep load draught of water. J Mean, ... 5 " 9 " 

I Aft, 6 " " 

Greatest immersed transverse section at 5 

feet 3 inches mean draught of water, ... 95 square feot, 

Dime'iisions of the Engine. 

Number of cylinders, 1 

Diameter of the cylinder, 21 inches. 

Stroke of the piston, 12 " 

Space di'sp/acement of the piston per stroke, 2.405 cubic feet. 

Diameter of piston rod, 2| inches. 

Diameter of main shaft, 5^ " 

Dimensions of Ihc. BoUers. 

Number of boilers, 2 

Length of the cylindrical shell of the boiler, 14 feet. 
Length of the cylindrical shell of the boiler 

and the uptake, 16 " 

Diameter of the cylindrical shell of the 

boiler, 4 " 

Number of furnaces in each boiler, 1 
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Breadth of grates in each furnace, 26 inches. 

Length " " " 4 feet 6 inches. 

Total grate surface in the two boilers, 19.50 sq. feet. 

Number of tubes in each boiler, 96 

Internal diameter of tubes, 1^ inch. 

Length of tabes, 6 feet 8 inches. 

Tube surface in the two boilers, 503 square feet. 

Heating surface other than tabes in the 

two boilers, 13 

Total heating surface in the two boilers, . . 516 " 

Cross area of all the tubes, 2.342 " 

Height of chimney above the grates, 22 feet. 

Diameter of the chimney, 2 feet 9 inches. 



Dimensions of the Screw. 

Diameter of the screw, 4 feet 9 inches. 

" " hub, 9 inches. 

Pitch of the screw, 6 feet. 

Length of the screw in the direction of its 

axis 9 inches. 

Number of blades, 2 

Fraction used of the pitch, ^th. 

Mean angle of the helicoidal surface in 

function of its propelling efficiency, 2G° 53' 

Area of the blades projected on a plane at 

right angles to asis, 4.320 sq. feet. 

Helicoidal area of the blades, 5.111 " 

Performance. 

The following is the maximum performance in smooth water 
uninfluenced by wind or current : 

Mean draught of vessel, 5 feet 9 inches. 

Speed of the vessel per hour in knots of 
6,086 feet 6.2 
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IS"amber of double strokes of piston and re- 
volutions of the screw made per minute, 210 

Slip of the screw in per centum of its 
speed ; ; ^^ 

Mean gross effective pressure on pistons in 
ponnds per square inch, by indicator, . . . 27.4 

Gross horses power developed by the en- 
gines, bj iodieator 119.U 

Throttle, Wideopen, 

Steam cut-off at from commencement of 

stroke, t'^*'- 

Back pressure against pistoas aboye the 
atmosphere' in poaoda per square inch, . 6 

Steam pressure in boilers in pounds per 
square inch above the atmosphere 44 

Pounds of steam passed through the cylin- 
ders per minute ■ ■ - ■ °^ 

Calculated thrust of the screw in ponnds, .2,492 

Distribution of the Fewer during the above Performance. 
Taking the pressure required to work the engines and shafting 
^r X at 2i pounds per square inch of pistons, aud making the 
calculations in precisely the same manner as before, we have the 
following for tlie distribution of the power during the perform- 
ance of the 40 horses power class, namely : 

GToss indicator power developed by the 
engines ;■■■■■■ 1»" 

Power required to work the engines and 

shafting perse ^^'^^ 

Net power api>!ied to the screw shaft, .... 108^ or 100^ 
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Power absorbed by the friction v.( the load, 8.1 or 7.50 
Power expended in overcoming tlia cohesive 

resistance of the water to the screw 

blades, 5.62 " 5.16 

Power expended in the slip of the screw,. . 41.50 or 43.61 
Power expended in the propulsion of the 

vessel, 41,50 " 43.61 

Totals, 108.18 " 100.00 



80 Horses Power Class. 

It was finally determined to construct a superior class of Qnn- 
boata which, while preserving the same beam as the others, should 
differ from thera by having mnch sharper water lines, greater 
length and depth of hall, aud greater draught of water. The 
Gnii-boats of this class were to be propelled by engines whose 
power should exceed that of the other classes in a higher ratio 
than the increased resistance of hull in order to secure t, higher 
spee 1 The r screws were to hoist up s ) thtt the vessel co 1 1 
maLfi I Tg voyages unler sill .ilono foi whidi pupose tl ey 
were r^^ed ia three masted foietojsal schooners w th much 
more canvas m proportion than the other chsses but they 
weie BO defii. ent in stability a& to require a jlank of 18 or 24 
inches w dtli ind extending along abont two thirds the length 
of tl e 1 ill to be prcjeete i frcm jnst ibove the tnin of the bilge 
at an an^k of 45 degrees from tl e 1 oiizoi to clieck their exi-es 
sive rolling in a sea-way, and from the reaction of their battery 
when fired in broadside. There were bat four Gun-hoats of this 
class, namely : the " Algerine," the " Slaney," the " Lee," and 
the " Lieven." They made the voyage from England to China 
ander sail alone, with their screws hoisted up, but without their 
ordnance on board, which was sent out iu larger vessels. In this 
condition they were reported to he good sea boats and fast 
sailers. They carry 50 tons of coal in their bunkers. This class 
of Gtun-boats were much praised for their good qualities, and 
gave entire satisfaction. 
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Dimensions of the Hull. 

Length over all, 133 feet. 

Length between perpendleuliirs, 125 

Breadtli of beam, extreme 23 

, , .,, , ,, / Forward, . . T feet 6 inches. 

Drausht of water with half 1 - .^ n ■' 

° , . . . ■{ Mean, " y 

coal and proTisions out, . I g " " 

Deep load draught, 8 " 3 

Greatest immersed transverse section at 1 
feet 9 inches mean draught, U2 square feet. 

Dimcanons <if ihe Engines. 

Number of cylinders, 2 

Diameter of the cylinders, ' ^ inches. 

Stroke of the pistons, 18 

Space displacement of both pistons per 

stroke, 5.301cnb. feel 

Diameter of piston rod, ' 2-L inches. 

Diameter of main shaft, 5^ 

Dlmmsions of tk& Boilers. 

Homber of boilers, 3 

Length of the cylindrical shell of the boiler, 16 feet 2 inch ei 
Length of the cylindrical shell of the boiler 

and the uptake, 1'^ " '^ 

Diameter of the cylindrical shell of the 

boiler, * " ^ 

Number of furnaces in each boiler, 1 

Breadth of grates in each boiler, 30 inches. 

Length of grates in each fnrnaee, 5 feet. 

Total grate surface in the three boilers, . . . 39.50 sq. feet. 

Number of tubes in each boiler, 109 

Internal diameter of tubes, 2 inches. 
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Length of Tubes, 8feet IjiDch. 

Tube surface iu the three boilers, 1,391 square feet. 

Heating surface other than tubes in tlie 

three boilers, Ii2 " 

Total heating surface in tie three boilers, . 1,533 " 

Cross area of all the tubes "J.igi " 

Height of chimney above the grates, 25 feet. 

Diameter of the chimney, . , 30 inches. 

Uimensions of the Screw. 

Diameter of the screw, 6 feet 6 iuches. 

Diameter of tlie hub, 1 inches. 

Pitch of the screw, 8 feet. 

Length of the screw in the direction of its 

asis, le iuches. 

Number of blades, 3 

Fraction used of the pitch, -Jd. 

Mean angle of the helicoidal surface in 

function of its propelling efSciency, .... 26° 16' 
Area of the blades projected on a plane at 

right angles to axis, 10.194 sq. feet. 

Helicoidal area of the blades, 13.247 " 



rerfor 

The following is the performance iu smooth water, uuinflu- 
'enced by wind or current : 

'Mean draught of vessel, "J feet 9 inches. 

Speed of the vessel per hour iu knots of 

6,086 feet, 9.21 

Number of double strokes of piston and re- 
volutions of the screw made per minute, IGl 

Slip of the screw in per centum of its 
speed, 21 

Mean gross effective pressure on pistons in 
pounds per square inch, by indicator, . . . 42.8 
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Gross horses power developed by the en- 
gines by indicator olf°35 

Throttle Wi le open. 

Steim cat off at fiom commencement of 
stroke ^ ths. 

Back pie-fsuro against pistons nho^e tie 
atmospheie in pounds per =quaie inch 6 

Steam pressure m boilers in lounda jer 
square inch above the atraoaphero CO 

Pounda of steam pissed through the cjlin 

ders ler minute 169 42 

Cakulated thinst of the screw in pomirts f 510 



Distribution of the Fowfir during the above PcrformoMce. 

Taking the pressure required to work the engines and shaft. 
ing fir se at 2^ poands per square inch of pistons, and making 
the calculations in precisely the same m^ner as before, wo have 
the following for the distribution of the power during the per- 
formance of the 80 horses power class, namely : 
Gross Indicator power developed by the HonaEa. per cesidm. 

engines, 316.35 

Power required to work the engines and 

shafting jwr se, 18.33 

Net power applied to the screw shaft,. . . 2 98.02 or IQO.OO 

Power absorbed by the friction of the 
load, '. 22.35 " 1.50 

Power expended in overcoming the cohe- 
sive resistance of the water to the screw 
blades, 19-24 " 6.46 

Power expended in the slip of the screw, 69.24 " 23.23 

Power expended in the propulsion of the 

vessel, 181.19 " 62.81 

Totals, 298,02 or 100.00 
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Tlie average performance when stcamiDg steadily at sea in 
good weather is as follows ; namely — 

Consumption of Welsh coal, in tons, per 24 hours,. . 12 
Speed of tlie vessel per hour, in knots of 6,086 feet, . . 7J 
Number of double strokes of engines, piston and revo- 
lutions of the screw made per minute, 130 

Steam cut-off at by lap and link motion, from cora- 
meiicement of stroke of piston, :^ 

At th" above rate of steaming, the bunkers carry four days' 
supply of coal, and the vessel can make with it a voyage of 746 
nautical miles. 

The Machinery of the Gun boats tliou.,h well made, and by 
the best bnililer-- wai constantly o it of order Both Boilers and 
Bngmes gave continual tionhle , the hr^t from the use of high 
pressnie stean and sea water , the last fiom the h a;h rotatory 
velocify employed In fact tht. rotiry ^peed of the Engines was 
so great that it wis impossible to keep them m order Daring 
the hostilities at and around Canton the English e<!tablished a 
shop on shore at Hongkong for repairing , they aKo had at the 
same place the floating workshop " Volcano," sent out from 
England completely fitted up with tools and power for doing a 
large amount of casting, foi'^ng and finishing ; and both these 
establishments were kept constantly employed on the Gun-boats, 
there being, out of about fifteen, usually a couple undergoing 
repair ; in fact the repairs upon them were enormous. For eco- 
■ nomy of fuel, durability, and reliability as war vessels for constaiit 
Qse, the machinery of these Gun-boats cannot be recommendpil, 
however well adapted to the momentary purpose for which tln'v 
were constructed. 

In the following Table will be found a Resume of the priiu-i-. 
pat facts concerning these Gnn-boats that are of interest to the 
Engineer ; and as the battery of all was about the same, a 
simple inspection will show the relative efBciency of the different 
Classes carrying the same armament at different speeds with dif- 
ferent draughts of water, and the relative cost of the same i:i 
power and fael. 
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The calculatioaa of the "Relative Economical Efficiencies" 
have been made by taking the product of the cubes of the speeds 
and the " Relative Resistances of the Hull" for the measure of 
the effects produced, and, respectively, the " Gross Horses 
power developed by the Engines," the "iS^et Horses power 
applied to the Screw Shaft," and the " Weight of Steam con- 
sumed " in equal times, for the measure of the costs. The higher 
the nnmbers, the greater the efficiency they express. 

In the case of " Weight of Steam consumed," though it will 
cot— Offing to certain considerations connected with the work- 
ing of the engine, and the back pressure on its steam piston — 
require weights in the ratio of the cubes of the speed to raise a 
lower speed to a higher one, as is the ratio with povicr, yet, as 
the resistance of the same vessel is as the sqnare of its speed, 
and as the weight of the steam consumed in each case was the 
maximum the boilers coald fnrnish, it is fair to compare its effect 
with the cube of the speed it produced. 

In fact, the weight of steam, c/stm-is paribus, required to propel 
a vessel at different speeds, is always in a much lower ratio than 
the cubes of the speeds. The actual ratio is variable, as it is the 
resultant of several variable elements ; it depends on the ratio 
of the back pressure plus the pressure required to work the 
engines per se to the total mean gross pressure on the piston, 
rockoning from zero, and on the relative escellence of the appli- 
cation of the power by the screw. And it frequently happens, 
as we perceive in the annexed Table, that the relative economical 
efficiency " In Rapport of weight of Steam consumed" is so far 
from' being the same as " lu Rapport of Net Horses Power ap- 
plied to the Screw shaft," that it may be greatly the reverse. 
And in this connection the Table makes very apparent the 
advantage of employing a high " Mean gross effective pressure," 
because the " Back pressure" with all the different Classes of 
Gun-boats being the same, it is fonnd that, in three out of the 
four cases, the efficiency "In Rapport of weight of Steam con- 
sumed " is greater with the higher " Mean gross effective pressure 
on piston " than with the lower, and that tbe.cfBciency in rapport 
of power is thereby reversed, notwitlistanding that the loiver Is 
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applied by a screw of better proport I th f th a 

where the proportioas of the screw w mtdft ad 
where the mean gross effective pressu wa al o the 1 w st the 
relative economical ef&cieney in rapp t f t am fa I a 
sumed is lower than ia rapport of pow 

The " Relative Economical EfSciea th (P u. 

result entirely from their applicatioa I y th b w e 

quently those columns express also, th It x II n of 

the screws as transmitters nsefuUy of the power applied to 
them. Now the losses of useful effect hy the screw are the 
powers expended in its slip and in overcominjf the cohesive 
resistance of the water to the movement of the hehcoidal surface; 
the latter, it will be observed, is aearjy the same with all ; 
hence, we are to consider the difference in the economical 
etScieiicies in rapport of power as resulting almost wholly from 
the difference of slip, the loss slip giving the higher efficiency. 

Under the head of " Relative Resistances of the Hulls," it will 
be seen that, although those of the 60 and 40 Horses Power 
Classes differed in length and in draught of water, yet their 
resistance was the same, the additional length being compensated 
by the less draught. The ?0 Horses Power Class, though 25 
per centum longer than the GO Horses Power and drawing 
nearly 13 per centum more water, had only 18 per centum 
more resistance. 

The relative resistances of the hulls are determined from their 
speeds and from the horses power expended in their propulsion 
at those speeds, as found under the head of " Distribution of the 
Power." For it is obvious, that any speed being assumed for all, 
and the horses power usefully expended in the propulsion of the 
simple hulls at the different experimental speeds being in- 
creased or diminished in the ratio of the cubes of those speeds 
to the cube of the assumed speed, the different powers thus 
obtained will express directly the different resistances of the 
respective hulls. 
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INDICATOR DIAGRAM. 

The Indicator Diagram, Pig. 7, from the G-uii-boat " Lee," of 
80 nominal liorses power, Khowa tlie general distribution of tba 
pressure for all the Gun-boats, and strikicgly exhibits the irregu- 
larities that occar from higii speeds. It wilt be observed that 
the valTG opens both steam and exhanst ports at about the end 
of the stroke, the expansion cui've following nearly to the end of 
the strote before the exhanst takes place, and the cushioning at 
the opposite extremity being hardly perceptible. The reader- 
must bear in mind that the engine piston is making 158 double 
Btrokes of 18 Inches each per minute, and that there is a very con- 
siderable steam pressure upon the sensitive spring of the Indicator 
pLston. la the boiler this pressure was 60 pounds per square 
inch, and in the cylinder 55 pounds per square inch above the 
atmosphere. 

The first irregnlarity occurs at A and is caused by the 
momentum of the moving parts of the Indicator suddenly thrown 
up by a pressure of 55 ponnds per square inch, and the slope of tho 
line from A to B is tlie resultant of the rapid travel of the steam 
piston while the Indicator piston is rebounding from A. There 
is no pressure in tho cylinder answering to this slope, the true 
pressure is simply as shoivu by the dotted line from E to C. 
From B to D the pressure remains uniform, and at D the steam 
port is closed by the lap of the valvo and expansion commences. 
Prom the point D, where the steam piston has its maximam 
velocity (about 90D feet per minute) the pressure fails more 
rapidly than the Indicator piston follows, and tho result is, that 
the momentum of the latter carries it below the proper level, . 
just as it previously carried it above, and the pencil descends to 
B, whenco it rebounds, and the resultant of its vortical and 
longitudinal movement produces tlie slope line EP. At P the 
exhaust suddenly takes place, and again the momentum of the 
Indicator piston becomes apparent in its descent to G — too 
low — whence it rebounds to H, and follows thence parallel to 
the atmospheric line to I, where the steam is again admitted. 



Hosted by 



Google 



Si 



BEITISII GL'N-G 



The true Indicator diagram is shown liy the dotted lines; the 
divergeneiBS from it of the diagram, as actually taken by the 
Indicator, are referable solely to the moraeiitnm of the moring 
parts of the Indicator coinbiued with the great velocity of the 
steam piston. 
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"L Y NX.'' 
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BRITISH DISPATCH SCUEW STEAMER 



The " Lynx" is one of tlia 3d class Bispatcli vessels bnilt 
about 1854 by the British Admiralty, aud employed as Tenders 
for small sqnadrons of sailing ships, and particularly for the 
suppression of the slave trade oa the western coast of Africa, in 
the Mozambique Channel, and among tlie West India islands. 
In such service they have proved eminently useful. The "Ltnx" 
was at SiraoQ'a Bay, South Africa, in July, 185S, whore tho 
writer saw her and obtained from her Chief Eagiuoer the follow- 
ing information. 

She was originally intended to have very liigh speed and to 
be employed in the Eussiau war. Her boilers, which were very 
large, were of two kinds ; one was low, lying wholly beneath 
the water line and was the only one to be used in battle ; the 
other, much higher, rose above the water line and was to be used 
together with the low boiler when high speed was reqnired in 
carrying dispatches, etc. With this arrangement the machinery 
occupied so much room that but very little fuel could be carried 
after the military portion of the vessel was provided for ; and 
when the " Ltns" was to be employed on distant service, it was 
found necessary to remove the high boiler and use the space va- 
cated for the stowage of coal. With this additional room the 
bunkers contain 69 tons, which is sufBcient for only 6^ days' ave- 
rage steaming at sea. It ia stowed along the sides and over the 
top of the boiler. Ten days' supply of water is carried iu tanks, 
and the distilling apparatus is depended en for the rest. 
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The vessel has a light barqne rig, the screw hoists up through 
a, well in the usual manner, and the steam power is very spar- 
ingly used — ^never except in cases of emergency, as pursuing 
slavers, entering or leaving port with dispatches against a bead 
wind, etc. ; but the passage between ports is always made 
under canvas alone in the same manner as an ordinary sailing 
vessel. 

The original war battery consisted of two 68-pouuders mount- 
ed on pivots amidships between the fore and muiu masts, and 
two brass 24-poundcr howiizers. The present battery is one 
32-po-under amidship on pivot and four brass 24-pounder how- 
^itzers in broadside. 

The present personnel consists of 65 souls ; the ofBcers are 
a Lieutenant commanding, two Mates, a 3d Master, a Master's 
Assistant, an Assistant Surgeon, an Assistant Paymaster, a 
Gunner, and three Assistant Engineers, the Senior acting as 
Chief. The two Mates, the 3d Master, and the Master's As- 
sistant are watch officers. 

The hull is of wood and has very shai-p water lines and ranch 
dead rise to the floor ; it rolls so much at sea and heels over so 
ranch uncter fire as to require horizontally projecting planks 
along the bilges to check the movement. 

The vibratory movement of the stern is excessive when the en- 
gines are working, so much so that it is impossible to write on 
board ; and this movement is the most violent when the screw is 
making between 50 and 70 revolutions per minute; below and 
.above these numbers it is not so great. 

The boiler Is altogether too small to properly snpply the engine 
with steam and its draught is sluggish ; it is, in fact, only half 
enough boiler, the other half having been removed. In order to 
burn 11 tons of coal per 24 hours the draught has to be increased 
by a strong steam jet in the chimney, under which circumstances 
23J- per centum of the cylinders can be filled with steam of 13 
pounds initial pressure, the boiler pressure being 15 pounds, and 
the number of double strokes of piston made per minute 80. 
This is the maximum that can be constantly maintained, though 
steam enough can be generated for a short time, under favorable 
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circnrastancos, to carry the rcTOliitioiis of tho screw up to 90 
per minute. 

Dimmsions of ihe Hull. 

Length between perpendifulars, 105 feet. 

Extreme beam 26 feet. 

i Forward, 11 feet. 

Deep load draught J Mean, ll^ feet. 

( Aft 13 feet. 

Greatest immersed transverse section, 238 sq, feet. 

Resistance of the hull at a speed of 8,4 liuots 
per lioiir, calculated from the power pro- 
pelling it, G,109 pounds. 



Dimensions of the JS-nffines. 

Two direct noting Trimlf engines by Pens. The steam valve 
is a packed slide and cuts off the steam Isj lap and the liul: mo- 
tion. There is no separate cut-olF valve. 

Diameter of the cjliriders, 39 inches. 

Diameter of the Trunks, 11 inches. 

Diameter of a plain cylinder of equal area, , SS-j-V inches. 

Area of one piston, 967 61 sq. inches. 

Stroke of pistons 20 inches. 

Space displacement of both pistons per 
stroke, 22.d0 cubic feet, 

Dlmndons of the Boiler. 

There is one tubular boiler with furnaces at both ends ; it la 
fired from two fire rooms, one forward and the other abaft tho 
boiler. The tubes, instead of being placed above, are on tlic same 
level with the furnaces, and the whole boiler is below the water 
line. There are two furnaces at each end of the boiler, and the 
tubes arc returned by their sides and between them. The smoke 
chimney is placed at the forward end of the boiler, and the after 
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furnaces discliarge into it tlirougli a narrow passage or deep flae 
lying between their tube boxes. The shell of the boiler lias par- 
titions in the water part, but the steam room is one space. The 
partitions are uecesgary in so wide a boiler athwartship for a 
sea-going vessel on aceouut of the heeling over under canvas, 
and the excessive rolling. 

The tabes are pnt in with ferrules, and the boiler reqnires the 
constant use of a strong steam jet in the chimney to supply the 
engines. 

Total number of furnaces, 4 

Width of the fire grates, 2 feet 6 inches. 

Length of the fire grates, " 3 " 

Total area of fire grate surface, 62^ square feet. 

Total number of tubes, 388 

Internal diameter of the tubes, 2 J inches. 

Length of the tubes, 6 feet 6 inches. 

Total area of tube surface, 1,235 square feet. 

Total cross area of tubes inside of ferrules, 6.28 " 

DlnuJisions of the Scnw. 

One true screw of brass of the outline of blade shown in 
Fig. 4, which exhibits an end view of it. It is cut to this shape 
to render it narrow enough to hoist up through the well. At 
the deep load draught of water, the apes, of the upper blade, 
when vertical, projects G inches above the water line. 

' Diameter of the screw, n feet. 

Diameter of ths hab, 1 foot. 

Pite5», 9 feet 8 inches. 

Length of the screw in the direction of the 

axis, 2 " 5 " 

Namber of blades, Q 

Mean fraction used of the pitch in function 

of area and propelling efEciency, 0.415 

Projected area of the blades on a piano at 

right angles to axis, 3G.50 sq. feet. 
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Helicoidal area of tbo blades, 4i.10 sq. feet. 

Meau angle of the blades from the plane of 
rotation and in functioa of area and pro- 
pelling efficiency, 25J1.' 



§ Fer/ormmce in Smooth Water. 
The following is the maximum performance in emooth water, 
uQinfluenced by wind or current, at a measured mile, the vessel 
being at her deep load draught : 

Speed of the vessel per hour ia geof^ra- 

phical miles of 6,086 feet, 8.4 

Number of double strokes of engines' pis- 
tons and of revolutions of the screw made 
per minute, gg 

Slip of the screwin per centum of its speed, 8.19 

Mean gross effective pressure on the pistons 
in pounds per square inch; by Indicator, 15 

Gross horses power developed; by Indicator, 281.49 

Steam pressure in boiler in pounds per 
square inch above atmospliero, 13 

Steam cut-off at from commencement of 
stroke of piston, o.4t 

Vacuum in condensers per gauge in inches 
of mercury, 25j 

Calculated thrust of the screw, 6,199 pounds. 

Distribution of the Power during the above Performance. 

Taking the pressure required to work the engines ycr se at Ij 
pound per square inch of pistons, the power thus absorbed will 
amount to 28.15 horses, which deducted from the 381.49 gross 
horses power developed by the engines, leaves 253.34 horses 
power applied to the screw shaft. 

Of this 253.34 horses power, 7| per centum or 19.00 horses 
power, was expended in overcoming the friction of the load. 

The power required to overcome the cohesive resistance of the 
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water to the passage of tlio screw siirfiice tlirougli it, calculated 
for a value of 0.45 pound per square foot of lielicoidal surface, 
moving; iu its helical path with a velocity of 10 feet per second, 
and modified in the ratio of tlie square of tLe velocity, aniouuts 
to 43.13 horses power. 

Deducting from the power of 2o3.34 horses applied to the 
screw shaft, the powers 19.00 and 43.13 horses expended in 
overcoming the friction of the load and the cohesive resistance 
of the water, there remains 1S1.31 horses power, of which 8.19 
per centum, or 15.60 horses power, was expended iu the slip of 
the screw, leaving the remaining ITo.BS horses power applied to 
the propulsion of the hull. 

Collecting the foregoing, wc have the foliowin;^ distrihution of 
the power, namely : 

Horses. Pen Cisthm. 

Gross power developed by the engines, . . . 381.49 
Power expended in working the engines 
^er se, 28.15 

Net power applied to the screw shaft, 263.34 or 100.00 

Power expended in overcoming the frictiou 
of the load, 10.00 " 7,50 

Power expended in overcoming the cohesive 
resistance of the water to the screw sur- 
face, 43.13 ■' 17.03 

Power expended in the slip of the screw,.. 15.66 " 6.18 

Powerexpendedinthepropulsionofthohull, 175.55 " 69.30 

Totals, 253.34 or 100.00 



In observing the above " Distribution of the Power," the first 
thing that strikes ns is the excessive loss of useful effect from 
the cohesive resistance of the water to tiie screw surface, which 
anionnts to 17.02 per centum of the "net power applied to the 
screw shaft," while the loss by slip is only 6.18 per centum. In 
general, it will be found, that as one of those losses is decreased. 
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the other must necessarily increase, but not ia any , fixed 
ratio, as it depends entirely on the proportions of the screw. 
The most advantageous method of reducing the mm of tliese 
losses, when the slip, as in the present ease, is small, is to reduce 
the fraction used of the pitch ; that is to say, to reduce the 
length of the screw ; for, cel.ens ■paribus, a reduction of one-half 
in the length of the screw increases ils slip only one-seyentb, 
while it decreases the loss from the cohesive resistance of the 
water one-half. In the case of the " Lynx," the sum of the 
losses by the screw are (17.02 + 6.10=) 23.03 per centum of the 
net power, the fraction of pitch used being 0.415. Suppose, 
now, this fraction reduced to 0.200, then the slip would be in- 
creased from 8.19 per centum of its Fpecd to 9.43 per centum, 
and its loss of useful effect would, instead of 6,18 per ceutura of 
the net power, be 1.11 per centum, while the loss from the co- 
hesive resistance of the water would fall fiom 17.02 to 8.53 per 
centum of the net power, including the effect due to the greater 
Telocity of rotation to give the same speed of vessel. Hence, 
with this simple modification, the sum of the losses by the screw 
instead of being 23.20 per centum as before, would only be 
(T.ll-|-853=) 15.64 per centum, leaving (23.20-15.64 = ) 
7.56 per centum additionally to be applied usefully to the pro- 
pulsion of the vessel. The screw is then very faulty in employ- 
ing too large (0.415) a fraction of its pitch. 

The above results rre strictly true as regards the " Distribu- 
tion of the Nd Pouei ," but as regards the fuel or stcim con- 
sumed, a slight reduction must be mide for the gieater power 
absorbed in working the engines j)er se, when the fclip of the 
screw is greater ; beciuse the pleasure reqnirtd for this puipose 
being constant (U pounds per tiquare inoli), the pouKi Hill be m 
the direct ratio of the number of dnuble strokes of engine piston 
made in equal times, and with greater slip more doable strokes 
mast be made to give the vessel equal speed. In the case of the 
" Lynx," the proposed modification of the screw would increase 
the number of double strokes of piston from 96 to 99.84 per 
minute, and the power tlius absorbed from 28,15 to 29.37 
horses, the difference being onlv 1.12 horse power. 
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§ Perfc 



The followiBg is the average perfoi-manee that can be 
maintaiDcd at sea with fall steam power, unassisted by sail, bbcI 
under the ordinary conditions of practice : 

Speed of the vessel per hour in gcograr 
phical miles of 6,086 feet| 6.4 

Number of double strokes of engine's pis- 
tons and of revolutions of tlie screw made 
per minnte, 80 

Slip of the screw in per centum of its speed, 13.28 

Mean gross effective pressure in pounds per 

square inch of pistons ; by Indicator, , , . 13. i 

Gross horses power developed by the en- 
gines; by Indicator, 193.97 

Steam pressure in boiler in pounds per 
sqaare inch above atmosphere, 15 

Steam cut-off at from commencement of 

stroke of piston, 0.23o 

Tacuum in the condensers in inches of mer- 
cury, 26' 

Consumption of best Welsh steam coal in 
tons per 24 hours, 11 

Making the calculations as before, we liave tlio following : 

Distribution of the Power diiring the above Performance. 

HoBSBS. Pea Centd^ . 
Gross power developed by the engines,. . . 193.91 
Power expended in working tho engines 

per se, 23.46 

Net power applied to the screw shaft, .... 110.51 or 100.00 

Power expended in overcoming the friction 

of the load,... 12.19 " 1.50 
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Power expended in overcoming tlie coteslve 
resistance of tile water to tlio screw sur- 

_ '""■ 24.96 or M.64 

Fower expended in tlie Blip of the screw,.. 16.30 " 9.66 
Power expended in the propulsion of tiie 

''°" 116.46" 68.30 

■''°'''-'' IIO.SI or 100,00 



§ TiidtMtor Diagrams. 
Figs. 2 and 3 are diagrams taken b, the indicator from til. 
cylinders ; they show the distribution of the pressure b, Ibe 
steam valre cutties off by lap and the link motion. There is no 
separate expansion valre, it will be remembered, and the lap was 
originally intended to cut off at f ths the stroke from the com- 
mencement. After the removal of one boiler it was found neces- 
sary to increase the lap in order to cut off shorter, and to modify 
the exhanat aide of the valve proportionally. This was done by 
pmning on pieces and chipping the cxhanst, and it was not till 
after much experimenting and altering that the valve was mado 
to give the excellent diagrams shown in the figs. It is evident 
that with such a good distribution of the pressure and cutting 
off so short as 23} per centnm of the stroke from the commence- 
ment, there is no necessity for a separate expansion valve. la 
fig. 3 the cushioning commences when the piston is within one- 
eiitb of its stroke from the end, which just suffices to fill the 
clearaice and sleam ports with compressed steam of boiler pres- 
sure ready for the return stroke. The exhaust commences to 
open also when the piston is ono-sixth of its stroke from the end 
which, at the high rotatory speed employed appears to be about 
the proper distance to allow the emptying of the cylinder for 
the return stroke, so that the latter may begin with a maximum 
eibanstion on the vacuum side. When the steam follows far- 
Iher, as in 8g. 2, both the cushioning and tho exhaust be-in 
much later. ° 
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"SIDNEY," "IRELAND; "SCOTLAND." 
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SCREW STEAMSHIPS 

"SYDNEY," "IRELAND," "SCOTLAND." 



g DtTRiM the year 1858 there arrived at Hongkong, China, 
three screw steam vessels, employed as transports for troops by 
the British government. They were the " SYONBr," the " Ire- 
land," and the " Scotland." The first two were built for postal 
service between England, South Africa, and India; the last was 
for service between England and Australia. The hulls of these 
vessels were of iron; they were built on the Clyde, and had the 
same lines, and were of the same dimensions; their machinery, 
however, was by different builders, and of different types and 
dimensions. The "Sydney" was lightly rigged as a barque; 
the other two wero full ship-rigged, and intended to go under 
sail alone with their screws hoisted out of the water, when the 
ivirid was favorable; in fact, their steam power was strictly 
auxiliary: the "Sydhey," on the contrary, was a full powered 
steamer, and her screw did not hoist up. 

In the following pages there will first be given the dimensions 
cf the hull, and afterwards, separately, the dimensions of the 
machinery of each vessel, and her maximum performance- with it 
in smooth water uninfluenced by wind or current, and her average 
performance at sea with full steam power, unassisted by sail, and 
under the conditions of ordinary practice. The date, which will 
be fonnd to be strictly comparable, was obtained by the writer 
from the Chief Engineers of the vessels, and from an examina- 
iioa of their log-books. The information thus obtained is valii- 
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able, not only aa Engiaeeriiig Trecedeats, but as showing the 
results attained from the same bull, by tbe employment of 
machinery of widely differcat type and power, and of propelling 
instruments of very different proportions. 

§ Appended to each " Performance " is a " Distribution of 
tbe Power " exerted. In determining this power the following 
method was adopted, camely;— The experimental indicated 
gross horses power obtained from the Engineers was analyzed, 
and the portion of it " expended ia the propulsion of the hull" 
was determined in the case of eaoh vessel ; and aa the hulls 
were precisely alike, this power must be the same, cateris paribus, 
for ei^nal speed with all three vessels, hence this power in the 
three cases was fonnd for an assumed speed of vessel (9 knots 
per honr) from the experimental power by incrcusing or diminish- 
ing it ia the ratio of the cube of the experunental speed to the 
cube of 9 knots per hour, and the mmn was taken for the true 
power " expended in the propulsion of the hull " at 9 knots, 
from which, in the same ratio this propelling power was fonnd 
for the experimental spetd in the case of each vessel. The 
per centum of slip being given, the power expended In it is 
easily calculated from the power expended in propelling the 
TPSsel, being simply in the ratio of the speed of the slip to the 
speed of the vessel. The power " required to work the engines 
jicr se" vi calculated in the case of the geared engines of the 
" Sydney " for a piston pressure of i-J pound per square inch ; 
and in the cases of the other two vessels with direct acting 
engines, for a piston pres.iuro of l\ jionnd per square inch. The 
" power required to overcome the cohesive resistance of the 
water to the screw surface" has been calculated in pre- 
cisely the same manner in all three cases, namely, in the 
ratio of the squares of the helical speeds of the screw surface 
and for a value of 0,45 pounds per square foot of surface moving 
with a velocity of 10 feet per second. The " power absorbed 
by the friction of the load " is proportional in all three cases, 
and is taken at li per centum of the " net power applied to the 
shaft," according to the experiments of Moris. Having thus 
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d t m 1 11 tli 1 t f 1 ower required, tlieir sum will 

I tl h p w d eloped by the eugines," which 

h th t lly l)t 1 d fl s but very slightly from the 

[ m t 1 h p w s, aud haa the adTantage of 

being strictly comparable for the three vessels, 

In the case of the performance at sea under the conditions of 
ordinary practice, the results are also strictly comparative, the 
resistance of the hull and the slip of the screw being taken in 
each case at one half more than in smooth vrater uninfluenced 
by wind or current; such an increase being the average result- 
ing from the usually fonnd roughness of the sea, and from the 
iofluence of the wind which is generally ahead when the vessel is 
under steam alone. 

The performance given as the average at sea, it will be ob- 
served, is the highest that can be sustained, and is what results 
from using all the steam the boilers can be made to generate. 



Dimensions of the IIuU. 

Length on keel, 209 feet. 

Length between perpendiculars, 211 " 

Length over all, 230 " 

Breadth of beam, estreme, 33 " 

-,.,,, 1,4, c t (Forward, 13 " 

Light draught ot water J ' 

( Mean, 15 " 

Deep load draught, 18J " 

'Mean draught of water, 1 6| " 

Greatest immersed transverse section at 16g- 

feet mean draught, 450 sq. feet. 



The water lines fore and aft were very sharp. The res 
of the hull ataspeed of lOgeogi-aphical miles per hour is 1T,740 
pounds ; that is to saj, this would be the thrust of the screw pro- 
pelling the hull normally at that speed. 
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§ Dimensions of the Engines, 

Two cocdensing, geared engines witli vertical cylinders on tlie 

me aide of tiie keol and walltiDg beams overhead. They have 

independent expansion valve adapted for three grades of cat- 

ng-o£f, but it is rarely used ; the steam slide valve cuts off hy 

lap at Yz^hn the stroke of piston from the commencement. The 

pistons make one double stroke for every 2^ revolutions of the 

eerew. The machinery was built by Titlixjch and Desny, Dnm- 

barton. 



Diameter of cylinders, 

Stroke of pistons, 

Space displacement of both pistons 

per stroke, 

Diameter of screw shaft, , , . 



66 inches. 
a feet. 



213.823 cubic feet, 
inches. 



Dimendons of the GeaHiig. 

' The teeth of the cog-wheels are arranged in four parallel rows 
in steps ; that is, the teeth of each row are slightly in advance 
of those of the preceding row. 

Width of each row of teeth on the face of 

the wheel, 8 inches. 

Pitch of the teeth, 4 " 

Multiple of gearing, 2:^. 

Dimemi(His of the Screw. 

The screw is of cast iron, has an expanding pitch fore and aft, 
and does not hoist up. 

Diameter of the screw, 14 feet. 

Diameter of the hnb, 21 inches. 

Initial pitch, 18 feet. 
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Mean pitch (from whicli the slip is cal- 
culated), 18| fcet. 

Fiaa! pitch, IH 

Number of blades, 2 

Length of the screw in the direction 

of its axis, 1 foot 10^ iache?. 

Fraction used of the pitch, j 

Area of the blades projected on a plane 

at right angles to their axis, 30,301 square feet. 

Tlelicoldal area of the blades, 3T.18I) " " 

Mean angle of the screw surface from 
the plane of rotation in function of 
area and propelling efficiency 28° Hi' 

Bmcnswns of the Boikrs. 

'iVo boilers with furnaces at each end and tubes returned 
above them. There is a fore and aft passage-way between the 
boilers, The chimney, into which all the furnaces discharge, is 
placed at the centre of the length of the boilers and immediately 
over the passage way. After the heated gases have traversed 
the tubes, they are led back to the chimney through a narrow 
deep flae lying side by side with the tubes. The furnaces are of 
two different widths, and have two different numbers of tubes 
correspondingly. 

Total nnmber of furnaces, 12 

Width of the fire grate in eight of the 

- twelve furnaces, 2J feet. 

Width of the fire grate in the remaining 

four furnaces, 3 

Length of the fire grates in all the fur- 
naces, ' 

Total fire grate surface, 224 square feet 

Number of tubes to each of the 2^ feet 

wide furnaces, ^^ 

Nnmber of tubes to each of the 3 feet 
wide furnaces, ^^ 
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Total number of tubes, 880. 

Xaternal diameter of tabes, 3 J inclisis. 

Length of the tubes, gj feet. 

Total surface in the tubes, 4866.11 square fe( 

Cross area of all the tabes, 60.70 " " 



§ Ferformana in Siwoth Water. 



The following is the maximum performance at a measured mile 
n smooth water uninfluenced by wind or cnrrent : 

Mean draught of water of the vessel in feet, 16f 

Speed of the vessel per hour in knots of 

6,086 feet, 10.514 

dumber of double strokes of engines' pis- 
tons made per minute, 29^ 

Number of revolutions made bj the screw 

per minute, 65.8135 

Slip of the screw in per centum of its speed 

(calculated for 18f feet pitch), 13.08 

Mean gross effective pressure ou pistons in 
pounds per square inch; by Indicator,. . . 11.11 

Gross horses power developed by the en- 
gines, 933.91 



DistTibution of the Power during the above Perfc 

HOEEES. PlB CeSTHM. 

Gross power developed by the engines, . 933.91 
Power required to work the engines and 
gearingyerse(lf lb. pr. sq. in.), 95.53 

Xct power applied to the screw shaft, . . 838.38 or 100.00 
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Power absorbed by the friction of the 

load (IJ per centum of the net power), G3.88 

Power required to oTercomo tbe eohesiye 
resistance of the water to the screw 
surface, 58.82 

Power expended in the slip of the screw, 91-01 

Power expended in the propulsion of the 

hull, ^^^-^"^ 

Totals, 838.38 



■J6.90 
100.00 



§ Ferformanee at Sea. 

The following is the average performance that can be sus- 
tained at sea with full steam power, unassisted by sail, and under 
the conditions of ordinary practice. The bunkers stow 500 tons 
of coal, sufacient for 13i days' average steaming and a voyage of 
2,600 miles. 
Speed of the vessel per hour in knots of 6,086 feet, 8.69 
Number of double strokes of engines' pistons made 

. ^ 26 

per mmute, 

Number of revolutions made by the screw per 
minute, 

Slip of the screw in per centum of its speed (cal- 
culated for 18| feet pitch), ■- '^^-''^ 

Mean gross effective pressure on pistons in pounds 
per square inch, 

Gross horses power developed by the engines, .... 835.97 

Steam pressure in boilers in pounds per square inch 
above atmosphere, 

Steam cut-off in cylinders from commencement of 

, , , A ths . 

stroke, ' " 

Consumption of Welsh coal per 24 hours, in tons of 
2,240 pounds, 
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Distribution of tk Power during tU above. Perfor, 



Gross power deTeloped by the engines, , . 835.97 
Power reqnired to work the engines and 

gearing je/-M (If- lb. pr. sq. in.), 88.11 

Xet power applied to the screw shaft, . . lilM or 

Power absorbed by the friction of the 
load (7J per centum of the net power), 56.0i " 

Power required to overeome the cohesive 
resistance of the water to the screw 
snrface, 33.75 '■ 

Power expended in the slip of the screw, 130.96 " 

Power expended in the propulsion of the 

iiuU, 536.51 " 

Totals, 147.26 or 



3.18 

1U2 



71.80 
100.00 



" IRELAND." 

§ Diviensions of the Mngiiies. 

The engines were built by Thomas Richardson & Sons, 
Hartlepool Iron Works, near Newcastle, and consi.st of three 
^ direct acting, half trunk, condensing cylinders placed vertically 
on pillars over the shaft, and acting on cranks that make angles 
of 120° with each other. The half trunk extends downward 
from the lower side of the piston, while from the upper side a 
hollow piston rod of 4 inches outside diameter works through a 
stuffing box in the top of the cylinder; the object of making this 
pistoa rod hollow is to lubricate through it the pin in the half 
trunk to which the connecting rod is attached. The cylinder 
valves are worked by a separate shaft, taking its motion from 
the engine shaft by means of two spur wheels of equal diameter. 
The link motion is not employed, but backing is effected by re- 
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versing the eccentric by !iand on the valve sliaft. Two of the 
cylinders are 36 inclies in diameter, and have half trunks 11 
inches in diameter ; the third cylinder is 36^ inches in diameter, 
and has a half trunk m inches in diameter. The steam in the 
cylinders is cnt off by lap at r^^ths the stroke of piston from the 
commencement, and there is no independent expansion valve. 
If the areas of the half trunks and hollow piston rods be de- 
ducted, the engines will be equivalent to three plain cylinders of 
the following dimensions, namely : 

Diameter of the cylinders, 33.863 inches. 

Area of each cylinder, 900.59 sq. inches. 

Stroke of the pistons, 3 feet 10 inches. 

Space displacement of the three pistons 

per stroke 11.992cnbicfeet. 

Diameter of the main shaft, 9 iiiche-s. 



Dimensions of Ihs Screw. 

The screw is of cast iron ; it has a uniform pitch, and hoists 
out of water. 

Diameter of the screw, IH ''^^'^^ 

Pitch, 21 " 

Number of blades, 2 

■Length of the screw in the direction of it3 

g^j-ig 3i feet. 

Fraction used of the pitch, i 

Area of the blades projected on a plane at 

right angles to their axis, 39.560 sq. feet. 

Helicoidal area of the screw, 55.220 " 

Mean angle of the screw surface from the 

plane of rotation in function of area and 

propelling efficiency, 34° 20' 
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Dimensions of t/ie Boilers, 

Two boilers witli tubes returned above the furnaces. 

Total number of furnaces, 6 

Width of fire grates, 3| feet. 

Length of fire grates, 6i " 

Total fire grate surface, 101.25 sq. feet. 

Total number of tubes, 420 

Internal diameter of tubes, 3 inches. 

Length of tubes, 6^ feet. 

Total heatiog surface in the tubes, 2,144.14 eq, feet. 

Cross area of all the tubes, 20.58 " 



Perforniaiice in Smooth Water. 

The following is the maximum performance at a measured 
mile in smooth water, uninfluenced by wind or current : 

Mean draught of water of the vessel in 
feet, 16f 

Speed of the vessel per hour in knots of 

6,086 feet, 8.50 

Number of double sti-ofees of engines' pis- 
tons and of revolutions of the screw mado 

per minute, 52 

- Slip of the screw in per centum of its 

speed, 31.05 

Mean gross effective pressure on pistons in 
pounds per square inch; by Indicator, . 16,2'! 

Gross horses power developed by the 
engines, 530.93 
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Tllslrihition of tJm Poioer dunng the above Perfc 

Gross power developed by the engines, . . . 530. 9S 
Power required to work the engines per se 

(1| pounds per square incli), 48.96 

Net power applied to the screw shaft, 482.02 or 100.00 

Power absorbed by the friction of the load 

{1\ per centum of the net power), 36,15 " 7.50 

Power required to overcome the eobesire 
resistance of the water to the screw sur- 
face 21.10 " 4.50 

Power expended in the slip of the screw, . . 89,28 " 18,52 

Power expended in the propulsion of the 

hull, 334,89 " 69,48 

Totals, 482.03 or 100,00 



§ Performance at Sea,. 

Tlie following is the average performance that can be sus- 
tained at sea with full steam power, unassisted by sail, and 
nnder the conditions of ordinary practice. The bunkers stow 
150 tons of coal, sufficient for 7,i days' average steaming, and a 
voyage of 1,206 miles. 

Speed of the vessel per hour in knots of 

6,086 feet 6.66 

Number of double strokes of engines' pis- 
tons and of revolutions of the screw made 
per minute, 4T 

Slip of the screw in per centum of its 
speed, 31.55 

Mean gross effective pressure on pistons in 
pounds per square inch, 14.99 
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Gross horses power developed by the 

engines, 442.23 

Steam pressure ia boilers m pounds per 

sqaare inch above titmosphere, 8 

Steam cut-off at in cjlinders from com- 

meticeiaent of stroke, -n, 

Consumption of Welsh coal per 34 hours 

in tons of 2,240 pounds, 20 

Distribution of the Fowtr during the alovt Ferformance. 

nORSKS. Pbh Cmhtm. 

tJross power developed by the eagines, .... 443.23 
Power required to work the engines jkt se 

(l-J pound per square inch), 44.25 

Net power applied to the screw shaft, SO'Z.OS or 100.00 

Power absorbed by the friction of the load 

{7i per centnm of the net power), 29.85 " l.&O 

Power required to overcome the cohesive 
resistance of the water to the screw sur- 
face, 16.03 " 4.03 

Power expended ia the slip of the screw, . . 111.09 " 2T.91 

Power expended in the propulsion of the 

hull, 241.02 " 60,56 

Totals, S9T.98 or 100.00 



" SCOTLAND." 

§ Dimensions of ike Engines. 

Two condensing, direct acting, half trunk engines with the 
cylinders placed vertically over the shaft, and acting on cranks 
at right angles to eacli other. The half trunk extends down- 
ward from the lower side of the piston, while from its upper side 
a hollow piston rod of 4 inches outside diameter works throngh 
a stuffing box in the top of the cylinder ; the lubrication of the 
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pin in the half trank, to which the connecting rod is attaclied, ia 
done through this hollow piston rod, n hich serves also as a guide 
to the piston. There is no separate expansion valve, but the 
steam is cut off by lap at -j^ths the stroke of the piston from the 
commenceraeEt. The diameter of the cylinders is i3 inches — o 
the trunks 22 inches ; if the areas of the hollow piston rod and 
half trunk bo deducted, the engines will be equivalent to two 
plain cylinders of the following dimensions, namely ; 

Diameter of the cylinders, 30.981 inches. 

Area of each cylinder, 1,255.85 sq. inches. 

Stroke of the pistons, a,- fuet. 

Space displacement of both pistons per 

stroke, Sl.OiS cubic ft. 

Dimendmu of the Screw. 

The screw Is of cast iron, has a uniform pitch, and hoists out 
of water. 

Diameter of the screw, 13^. feet. 

Pitch, \^ " 

Number of blades, 2 

Length of screw in direction of axis 3 faet 2 J inches. 

Fraction ased of the pitch, ^ 

Area of the blades projected on a plane at 

right angles to their axis, 35.589 sq. feet. 

. Helicoldal area of the blades, 44,210 " 

Mean angle of the screw surface from the 
plane of rotation in function of area and 
propelling efficiency, 21" 28' 

Dimensions of Ihe Boilers. 

One boiler with tubes returned above th^ furnaces. 

Total number of furnaces, 6 

Width of Are grates, 3 j feel. 
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Length of fire grates, T feet. 

Total &e grate surface, 105,00 sq. feet. 

Total number of tubes, 360 

Internal diameter of tnbes, 3f iactefi. 

Length of tubes, 1 feet. 

Total surface in the tabes, 2,414.01 sq. feet. 

Cross area of all the tubes, 21.61 



Pirformaiux hi, Smooth Water. 

TUe following is the maximum performance at a measured 
mile in smooth water, uniuflueneed by wind or current : 

Mean draught of water of the vessel in feet, 16| 

Speed of the vessel per honr in knots of 

6,086 feet, 8.138 

Number of double strolieg of engines' pis- 
tons and of revolutions of the screw made 
per minute, 59 

Slip of the screw in per centum of its 
speed, li-I6 

Mean gross effective pressure on pistons in 

pounds per square inch; by Indicator,. . 16.99 

Gross horses power developed by tlie 



633.61 



engines. 



Dhtrihutioii of the. Power during the above Ferfc 

Gross power developed by the engines,. . 533.61 
Power required to work the engines per se 

(11 ponnd per square inch) 41.15 

Ket power applied to the shaft, 48u.52 or 1.00.00 
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Power absorbed by the friction of the load 
(1| per centum of tlie net power), 36.41 or 

Power required to overcomo tlie cohesive 
resistanoo of the water to the screw sur- 
face, 25.29 '■ 

Power expended in tbe slip of the screw, 60.01 " 

Power expended in the propulsion of tbe 

hull, S03.81 " 

Totals, 485.52 ( ' 



5,21 
13.36 



§ £erformaMce at Sea. 

The following is the average performance that can be eas- 
taiued at sea with full steam power, nnassistecl by sail, and 
under the conditions of ordinary practice. The bunkers stow 
ISO tons of coal, sufficient for 9 days' average steaming, and a 
voyage of 1,500 miles. 

Speed of the vessel per hour in knots of 

6,086 feet 0.93 

Number of double strokes of engines' pis- 
tons and of revolutions of the screw made 
per minute, 51 

Slip of the screw in per centums of its 

speed, 21;i 

'Mean gross effective pressure on pistons in 

pounds per square inch, 15,90 

Gross horses power developed by tbe 

engines, 432.09 

Steam pressure in boiler in pounds per 
square inch above atmosphere, 11 

Steam cut-off at in cylinders from com- 

mencemout of stroke, ■ . . . . t o '^^^■ 

Consumption of Welsh coal per 24 hours 
in tons of 2,240 pounds, 20 
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DistrihUion of the Power during the above Ferfor. 



Gross power developed by the engines, 432.01) 

Power required to work the engines fit se 

{\\ pounds per squaro inch), 40.15 

Net power applied to the shaft, 391.3i or ' 

Power absorbed by the frietion of the load 

(1^ per centum of the net power,) 2D.35 " 

Power required to overcome the coheaiYO 
resistance of the water to the screw sur- 
face, IG.SS " 

Power expended in the- slip of the screw, 13.45 " 

Power expended in the propulsion of the 

hull, 2T2.21 " 

Totals,.... 391.34 or 



4.11 
18.11 



g Rdaiite economical efideiicks of the Screws of Ike three Vessels. 

It will ho observed, that in the cases just discussed of the three 
vessels, the same bnll was propelled by screws ot very different 
dimensions which distributed the power iu very different propor- 
tions ; and as, if we make the comparison by the net powers ap- 
■ plied to the screw shaft, we shall have eliminated the influence 
of the more or less friction resistance of the engines per se ; any 
'difference that may be found in the economical performances of 
the vessels, will bo due entirely to the screws. There remains, 
then, to determine the relative economical efficiencies of these 
screws in function of the net powers applied to their shafts. Iu 
making this comparison, the net powers will be taken as the mea- 
sure of the costs, and the cubes of the speeds of the vessels will be 
taken as the measure of the effects produced :— the quotients 
arising from the respective divisions of the latter by the former 
quantities, will show the relative economical efficiencies,— the 
higher numbers denoting a corresponding higher efficieacy. As 
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tliis relative efficiency is not the same wliaa performiug io smooth 
water and at sea, it lias been determinnd in the foUowiug Tables 
for both cases. In tliese Tables will also be found the slips of 
the screws in per ceatnm of theii" speeiia, aad the losses of labor 
by the screws iu per centum of the net powers applied to their 
shafts. Also, the per centum of these net powers utilized in the 
propulsion of the hull. 
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An examinatioQ of the above tables shows, that the screw of 
the "Sydney" gave the highest results both "in smooth wa- 
ter" and " at sea," but higher at sea than ia smooth water, be- 
ing nearly 10^^ per centum more economical than the screw of 
the "Ikblani." in smooth water, and 18| per centum more 
economical at sea. 

Next in efficiency ia the screw of the " Scotland," which 
is nearly 8 per centum more economical in smooth water than 
the Ecrow of the " Ireland," and li,*'? per centum more eco- 
nomical at sea. 

Looking at the column of " Slips of the screws in per centum 
of their speed," we remark, that these slips stand inversely in the 
same order as the economical efficiencies of their screws, the 
screw of least slip having the greatest economical efficiency ;— 
and as tlie effect of the sea under equal conditions ia to propor- 
tionally increase these ahps,— that is, to increase them by equal 
per centages of themselves,— the positive losses by them become 
disproportionately greater ; consequently, we find that, at sea, the 
efSeiencies of those screws whicli have the least slip is relatively 
greater than in smooth water. 

The losses of labor due to overcoming the " cohesive resist- 
ance of the water" to the screw surface, does not vary much 
with the different screws ; the greatest difference amounts to but 
11 per centum of the net power. Eveu in this respect, however, 
the screw of the " Sydney" is still the most efficient. 

We arrive then at these results— that as the loss of labor due 
to the power expended in overcoming the cohesive resistance of 
the water by the screw surface, is nearly the same with all three 
screws, the difference in their economical efQciency is due nearly 
entirely to the difference of their slips, which is their only remain- 
ing loss of labor ; and that the screws of least slip have the great- 
est economical efficiency. 

It is worthy of remark, that the screw of the " Sydney," 
which givfs the highest result, has the greatest diameter, the 
least fraction of pitch, and an expanding pitch whose mean is but 
little greater than the least pitch of the other screws ; while the 
screw of the "Ireland," which gives the lowest result, has 
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the least diameter, the greatest fraction of pitch, and the great- 
est pitch : its pitch ia uniform. 

To still better appreciate the inaaence of tho different propor- 
tions used of the screws, their governing dimensions have been 
grouped in the following Table, where will also be found the 
numbei^ proportionally, of revolutions required to be made by 
them in equal times to give the vessel the same speed in smooth 
water ; their normal slips, and the power value, proportionally, 
of the resistamcea opposed by the eohesioa of the water to tho 
passage through it of the helicoidal surfaces for the same speed 
of vessel. 





E 






3 


m 


i 


lit 


3jS 


BA.TE 


"1 




i 


h 


U-6 


l 


Sll 


Ijl, 


Olr 


i5 


g 




=? 


till 


fS 


IbS 


VESSEL. 


■3 

2 


1 


1 


■a 


Is 


lis, 


1 




1 




a 




'i^'-s 


.a- 


f=i 


SsS* 




" 




u. 


M 










™i: 


m 


ISJ 




8i.ie 


^•..m- 


ai,06 


;r 


1.2363 


SCOTLAND, 


m 


m 


i 


41.S1 


1!7'..33' 


"'• 


>■"« 


..»> 



From this Table it appears that the screw of the "Sydney" 
lias not only the least loss of useful effect from slip, but also the 
least loss from the cohesive resistance of the water to its pas- 



g The following Table exhibits the Dynamical relation be- 
tween tho screws in complex function of their elements, and the 
space displaccmeut of tlie pistons per strolio and the mean effec- 
tive pressure on them in pounds per square inch after deducting 
the pressure required to work the engines per se. It shows als" 
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1, the resulting development of power and 
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BRITISH WAR SCREW STEAMSHIP 

"CONFLICT," 



§ The " CoNrLicT " is a war screw steamship belongiDg to the 
British NaTj. At different times different screws have been ap 
plied to her, and the trials with them having all been made at 
sensibly the same draught of water and at a measured mile, the 
results are fairly comparable. I hare collected these e-^pen 
menta, hot before discussing them it is conTenn.nt to give the 
dimensions of the Ha!l and Engines, viz. : 

IIuU. 

Length between peipendiculars, 192 feet 6 inches. 

Breadth, extreme, . . . . : 34 feet 4 inches. 

Mean diaught of water during the 

trials, 14 feet 6 inches. 

Constiuctor't. deep load dranght of 

water, 15 feet 9 inches. 

Greatest immeiaed transverse section 

at 14^ feet dranght, 402 square feet. 

Displacement at 14^ feet draught of 

water, 1,443 tons. 

Displacement at 14^ feet draught per 

inch of dranght, 12.33 tons. 

Ratio of displacement to circnmserib- 

ing parallelopipedon, 0.516 
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Ratio of area of load water line to circum- 
EcribiDg parallelogram, 0.182 

Ratio of greatest immersed transverse sectioa 

to circamscriMng parallelogram, 0.880 

Resistance of the hull at a speed of 9 geo- 
graphical miles per iour, 16,360 poucds. 

Eiighm. 

Four horizontal, condensing, dii-ect acting engines ; the pis- 
tons making one double stroke to each revolution of the screw. 

Diameter of the cylinders, 46 inches. 

Stroke of pistons, 2 feet. 

Space displacement of the four pistons per 

stroke, 93.33 cuhie feet. 

^ Bxperimmial Scretos. 

The screws experimented with were five in aamber, viz. ; — 
a common screw of uniform length from hub to periphery; a com- 
mon screw with the corners of the blades rounded off; the same 
with the hub and central portion of the blades inclosed in a 
globe of 35.2 per centum the diameter of the screw, according 
to GrifBth's arrangement ; a common screw with its snrface 
arranged to correspond with the surface of Sir Thomas Mitch- 
ell's Boomerang propeller; and finally the Boomerang propeller 
of Sir Thomas Mitchell. Ail these screws had a uniform pitch, 
were two bladed, and 13J feet diameter. 

It is to be regretted that the Indicator power was not ob- 
tained in all the trials, but the determination of the principal 
points of interest in the eases intended for direct comparison, can 
be correctljf inferred from the slips of the screws alone, the close 
approximation of the dimensions of the screws directly compared 
making the power required to overcome the cohesive resistance 
of the water by their blades about equal. 

The problems solved by those experiments are, 1st : — The in- 
crease of slip dne to the rounding off of the corners of the blades 
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of the screw, 2d : — The increase of slip due to inclosin}:; the 
hub and central portions of the blades iu a globe of 35,2 per 
rentum of the diamuter of the screw. 3d : — The difference 
of slip due to the difference between aa arrangement of the 
same area of the same helicoidal surface in the form of the com- 
mon screw and in Ihe form of Mitchell's Boomerang propeller. 
The common screws I shall designate respectivelj as screws 
A, B, C, D and E ; their data and vesults, as well as those of 
the Boomerang propeller, will bo given separately, and are as 
follows, viz. : 

§ Experlfnent with l§€rew Ji. 

Screw A is a common screw of uniform length from hub to 
periphery and of unform pitch ; it has the following dimensions, 

Diameter of the screw, 13 feet G inches. 

Number of blades, 2 

Pitch 16 feet 6 inches. 

Length of the screw in the direction 

of the axis, 2 feet 9 inches. 

Fraction used of the pitch ^d. 

Projected area of the blades on a 

plane at right angles to axis, iT.450 square feet. 

Helicoidal area of the lilades, 5T.G53 " " 

Mean angle of the screw surface from 
-its plane of rotation, in function of 

its area and propelling efhcicney, . . 26° T 

With this screw the following results were obtained at the 
measured mile at the Nore, November tth, 181-3, viz. : 

Speed of the vessel per hour in geographical miles 

of 6,086 feet, 9.289 

Number of doable strokes of engines' pistons and 
revolutions of the screw made per minute, 68 

Slip of the screw in per centum of its speed, 16,02 
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Mean gross effective pressare on pistons in pounds 

per square inch; by Indicator, 14.19 

Gross horsM power developed by the engines,. . . 177.50 



Dhtribviion of the Power with Screw A. 

Tlie pressure required to work tlie engine per se, being taken 
at 1^ pound per square inch of pistons, amounts to 82.19 horses 
power, wliich deducted from the total horses power 777.50 de- 
veloped by the engines, leaves 695.31 horses power applied to 
the screw shaft. 

Of the power 695.31 horses applied to the screw shaft, 7^ per 
centum or 52.15 horses power were absorbed in the friction of 
the load, which being deducted leaves 613,16 horses power. 

The power expended in overcoming the cohesive resistance of 
the water by the screw blades, calculated in the ratio of the 
square of the velocity and for a value of 0.45 pound avoirdupois 
per square foot of screw surface moving in its helical path with a 
spaed of 10 feet per second, amounts to 55.99 horses power, 
which deducted from the 643.16 horses power, leaves 587.17 
horses power expended in the slip of the screw and in the pro- 
pulsion of the vessel. 

Of these 587.17 horses power, 16,02 per centum or 94.06 
horses power were expended in the slip of the screw, leaving 
493.11 horses power expended in the propulsion of the simple 
hull. 

Collecting the foregoing we have the following distribation of 
the power, viz. : 



Gross horses power developed by the en- 
gines, ....' 777.50 

Power required to work the engines 
per se, 82.19 

■ower applied to the screw shaft, 695.31 or 100.00 
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Power expended in overcoming the fric- 
tion of the load, 52.15 or 1.50 

Power expended in overcoming the cohe- 
sive resistance of the water by the 
screw blades, 55.99 " 8.05 

Power expeEded ia the slip of the screw, 94,06 " 13.53 

Power expended in the propulsion of the 
simple huli, 493-11 " 10.92 

Totals, 095.31 or 100.00 



§ Experiment with hereto M. 

Screw B is a common screw, but instead of being of uniform 
length from hub to periphery, each corner of the blades wag cut 
off 18 inches, thus operating a considerable reduction of the sur- 
face at the periphery where it has the greatest propelling effect. 
This screw has the following dimensions, viz. : 

Diameter of the screw, 13 feet 6 inches. 

Number of blades, 3 

Pitch, 15 feet 2 inches. 

Length (extreme) of the screw iu the 

direction of the axis 2.528 feet- 
Mean fraction used of the pitch in func- 
tion of surface and efficieaey of the 

, same, 0.30 

Projected area of the blades on a plane 

at right angles to axis, 43,52 square feet. 

Helicoidal area of the blades, 50.00 " " 

With this screw the following results were obtained, viz. : 

Speed of the vessel per hour in geographical miles 

of 6,086 feet, 9-424 

Number of double strokes of engines' pistons and 
revolutions made by the screw per minute, T5f 
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Slip of the screw in per cealum of its speed, 1 6.81 

Mean gross effective pressure in pounds per square 

iiieh of pistons, 13.3 

Gross liorses power dcyeloped by tbe engines, 812 



Distribution of the Power with Screw B. 

The power required to worii tlie engines per se, calculated as 
for screw A, amounts to 91.58 horses, leaviug 120.42 horses ap- 
plied to the shaft. 

Of these 730.43 horses power, 7^ per centum or 54.03 horses 
power were absorbed by tne friction of tlie load. 

The power required to overcome the cohesive resistance of the 
water by the screw blades, calculated ta for screw A, amounts 
to 65.13 horses. 

Deducting the above two quantities from the power applied to 
the shaft, there remains 601.36 liorses power, of which 16.81 per 
centum or 101.01 horses power was expended in the slip of the 
screw, leaving tlie remainder 500.19 horses power for the power 
propelling the simple hull. 

If the power expended in propelling the vessel with screw B, 
were in exact rapport with the power propelling the simple ves- 
sel with screw A, calculating for the differences of speed in the 
two cases, in the ratio of the cubes of the speeds, it would be 
514.85 horses power instead of the above determination of 
_ 500.19 horses power. 

Collecting the foregoing, we have the following distribution of 
the power, viz. : 

IIOEBEB PoWEK. Per Cestdm. 

Gross horses power developed by the 

engines, 812.00 

Power required to work the engines 
ferss, 91.58 

Power applied to the screw shaft, .. , 120,42 or 100.00 
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Power espended ia overcoming the 

friction of the load, 54.03 or '' 1.50 

Power expended iu overcoming the 

cohesion of the water by the screw 

blades, - 65.14 " 9M 

Power expended in the slip of the 

screw, lOl.OT " 14.03 

Power expended in the propulsion of 

the simple hull, 500.19 " 69.i3 

Totals, 720.42 or 100.00 

Tho slip of screw .B, to be in exact rapport with slip of screw 
A, should bo 15.04 per centum instead of 16.81 ; this diiTerenes 
is due to eiTors of data, to which cause also ranst be ascribed 
the difference between 514.85 and 500,19 horses power required 
to propel tho simple hull at eqaal speeds. 



§ E:j!:p<sriwiemS with ^erew C. 

Screw B was altered into screw C by inclosing its hub and the 
central portion of its blades in a wooden globe of 4f feet diame- 
ter, according to G-eipifith's aiTangcment. In this case the dia- 
meter of the globe was 35.2 per centum of the diameter of the 
screw, and it reduced the helicoidal area of the latter to 43.00 
square feet, and tbe projected area on a plane at right angles to 
axla to 38,80 square feet. The fraction of the pitch used in 
function of surface and efacieucy of the same, was reduced to 
0.29 from the same cause. 

The following are the results obtained from screw 0, viz. : 

Speed of the vessel per hour in geographical miles 



Unmber of double strokes of engines' pistons and 

revolutions of the screw made per minute, .... 1*1 
Slip of the screw in per centum of its speed 13,15 
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Mean gross effective pressure on pistons in pounds 
per square incli (by calculation), 13.415 

Gross horses power deyeJoped bj the engines (by 

calculation), , 836.05 

The slip of screw C to have been in exact rapport with slip of 
screw B, should be 11.61 per centum instead of 18.15 per cen- 
tum ; and to have been in exact rapport with the slip of screw 
A, it should be 15.82 per centum instead of 18.15 per centum. 



Dislribation of thi Power leiih Screw C. 

The power developed by tlie engines with screw C will be de- 
duced by calculation from the power developed by the engines 
with screw B, and in the following manner, viz. : 

The speed of the vessel being the same with both screws B 
and C, the power required to propel the simple hull will be the 
same, viz., 500.19 horses. 

The power expended in the slip of the screw will be to the 
power expended in propelling the simple liuil, as the speed of the 
slip is to the speed of the vessel, viz., in the ratio of 18.15 to 
(100.00-18.16=) 81.85; consequently as 81.85:500.19:: 
18.15 to 110.91 horses, the power expended in the slip of 
screw C. 

The power required to overcome the cohesive resistance of the 
water by the screw blades and by the central globe, is by calcu- 
lation 16.23 horses. 

The sum of the three preceding quantities amounts to 687.33 
horses, and the friction of the load will be such a quantity as 
added to this will be H per centum of the entire aggregate. 
This quantity is 55.65 horses power, whicb added to the 681.33 
horses power, mates a total of 142.98 horses power applied to 
the shaft. 

The power required to work the engiuo ^er se, calculated as 
before, is 93.01 horses, which added to the above 142.98 horses 
power, makes a total gross power developed by the engines of 
836,05 horses. 
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Collecting the foregoing, we have tlie following distribution of 
tlie power, yiz. : 

' HOHSia PowEE. Pee Cebtcb. 

Gross horses power developed by the 

engioes, 836.05 

Power required to work the engines 
per Si, 93.01 

Power applied to the screw shaft, T^S.ilS or 100.0 

Power expended in overcoming the 
friction of the load, 55-65 o/ 1,50 

Power expended in overcoming the co- 
hesion of the water by the screw 
blades, etc 16.23 " 10.31 

Power expended in the slip of the screw, 110.61 " li.90 

Power expended in the propulsion of 
.the simple hull, 500.19 " 61.33 

Totals, 142.98 or 100.00 

% Eii^ei'itneitS with ^crew jS?. 

Screw D was a common screw ^of uniform length from hub 
to periphery, and it had the following dimensions, viz : 

Diameter of the screw, 13 feet 6 inches. 

Number of blades, 2 

Pitch, 19.885 feet. 

Length of the screw in the direction of its 

axis, 2.486 " 

Fraction used of the pitch, 0.25 

Projected area of the blades on a plane at 

right angles to axis, 35.581 sq. feet. 

Helicoidal area of the blades, 46.540 " 

Mean angle of the screw surface from its 

plane of rotation in function of its area 

and propelling efficiency, 30° 34}' 
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With this screw the following results wero obtained, viz.; 

Speed of the vessel per hour in geographi- 
cal miles of 6,086 feet, 9.6 

Number of double strokes of engiues' pis- 
tons and revolutions of the screw made 
per minute, 63 

Slip of the screw in per centums of its 
speed, ; 21.01 

Mean gross effective pressure in pounds per 

square inch of pistons (by calculation), 11.25 

Gross horses power developed by the 

engines (by calcnlation), 861.92 

The slip of screw D to be in exact rapport with the slip of 
screw A, should be 20.40 instead of 21.01 per centum. 

The calculation of the power developed by the engines with 
screw D (not having been obtained by indicator), will be made 
from the power developed with screw A, and in the following 



Diitrihution of the Power with Screw D. 

The power required to work the engines per se, taken as be- 
fore at 11 pound per square inch of pistons, amounts to 74.94 
horses. 

The power required to propel the simple hull under the same 
conditions, will be in the ratio of the cubes of the speeds. The 
speed of the vessel with screw A was 9.289 miles per hour, with 
a power of 493.11 horses, and as the speed with screw D was 
9.600 miles per hour, the power will be (9.289* : 493.11 ; ; 
9.600' :) 544.39 horses. 

And as the power expended in the slip of the screw, is to the 
power expended in the propulsion of the vessel, as the speed of 
the former is to tlie speed of the latter, and as the slip is 21.01 
per centum, the speed of the vessel will be expressed relatively 
by (100,00-21.01=) TS.99; and as 78.99 : 544.39 : : 21.01 : 
144,80 horses, the power expended on the slip of the screw. 
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The power expended in overcoming the cohesiye resistance of 
the water by the screw blades, calculated ia the ratio of the 
square of the velocity, and for a value of 0,45 pound avoirdupois 
per square foot of scrow surface, moving in its helical path with 
a speed of 10 feet per second, amounts to 38. tl horses. 

Adding together the powers expended in propelling the simple 
vessel, 54i.39 horses ; in tlie slip of the screw 144.80 horses, 
and in overcoming the cohesive resistance of the water by the 
screw blades 38.17 horses ; we have an ag'gregate of 731.96 
horses power, l^ per centum of which, including itself, amounts 
to 59.02 horses power, which is the friction of the load. 

Adding to the 727,96 horses power, the power 59.02 horses 
absorbed by the friction of the load, and the power 74,94 horses 
absorbed by the friction, etc., of the engines per se, we have for 
the total power developed by the engines 861.92 horses. 

Collecting the foregoing, we have the following distribution of 
the power, 

HoaaEsPowEB. PebCeht™, 

Gross horses power developed by the 

engines, 861,92 

Power required to work the engines per se, 74,94 

Power applied to the screw shaft 18G.98 or 100.00 

Power expended in overcoming the friction 

of the load, 59.03 " 7,60 

Power expended in overcoming the co- 
hesive resistance of the water by the screw 
blades, 38,77 " 4.93 

Power expended in the slip of the screw, . 144.80 " 18,40 

Power expended iu the propulsion of the 

simple hull, 544,39 " fi9,l7 

Totals 786.98 or 100.00 



The gross power, §61.92 horses, corresponds to a mean gros 
effective pressure of 17.253 pounds per square inch of pistons. 
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§ JExperiment tritU Scretv E. 

Screw E was formed from screw D by redacing its lielicoidai 
surface to 21.831 square feet, in such a manner aa not only to 
make it equal in projected area, but to give it tlie same outline 
of blade as the Boomerang propeller of Sir Thomas MrrcHELL, 
against which it was to be tried. Screw E had tiie following 
dimensions, viz.: 

Diameter of the screw, 13 feet 6 inches. 

■' hub, 3 " 

Number of blades, 2 

Pitch, 19.885 feet. 

Length (extreme) of the screw in the di- 
rection of the axis, 3.000 " 

Mean fraction used of the pitch in function 

of surface and efficiency of the same,. . . 0.118 

Projected arei of the blades on a plane at 

ris;ht angles to axis, 21.056 sq. feet. 

Helicoidal arei of the blades, 21.831 " 

Witb this screw the following (which are the means of three 
double courBe=( run) results were obtained, except the piston 
ptetjsure lud horses power developed by the engines, which are 
deiiTcd by calculation as in the case of screw D and others; the 
indicated pDwer not having been given. 

Speed of the vessel per hour in geogra- 
phical miles of 6,086 feet, 9.524 

Number of double strokes of engines' pis- 
tons and revolations of the screw made 
per mmute 65.815 

Slip of the screw in per centum of its 
speed 26.35 

Mean gross effective pressure in pounds per 
square inch of pistons (by calculation), . 16.33 
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tirosa horses power deYelopcd by the ea- 

gines (by calcnlation), 860.98 



Didrihv,ti'M of the Power with Sereio E. 

The power required to work the eogiaes fer se, calculated as 
for screw A, amouuts to 19.62 horses, leaving 181.36 horses ap- 
plied to the shaft. 

Of these 181,36 horses power, 7^ per centum or 58.60 horses 
power were absorbed by the friction of the load. 

The power expended in oyDrcomiiig the cohesive resistance of 
the water by the screw blades, calculated in the ratio of the 
square of the velocity, and for a value of 0.45 poand avoirdupois 
per square foot of screw surface, moving in its helical path with 
a speed of 10 feet per second, amounts to 22.13 horses. 

The power required to propel the simple hull, calculated from 
the power required with screw B in the ratio of the cubes of the 
speeds, amounts to 516.21 horses. 

The power expended in the slip of the screw, deduced from the 
power expended in propelling the simple hull, in the di^rect ratio 
of the speeds of the slip and of the vessel, amounts to 183.16 
liorses. 

Collecting the foregoing, we have the following distribution of 
the power, viz. : 

Gross horses power developed by the 

engines, 860.98 

Power required to work the engines 
per se, 19.62 

Power applied to the screw shaft,. . . . 181.36 or 100.00 
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Power expended in ovevcoming the 

friction of the load, 58.60 or I.SO 

Power expended in overcoming the co- 
hesive resistance of the water by the 
screw blades, 33.13 " 2.91 

Power expended in the slip of the screw, 183.16 " 23.52 

Power expended in the propulsion of 

the simple vessel, 516.21 " 66.01 

Totals 18LS6 or lOO.OQ 



§ The Mfsomes'^ng Wr&peUfr. 

This propeller, which is a true screw with its two blades in- 
clined to the axis in opposite directions, derives its name from an 
offensive missile called the Boomerang, used by the Australian 
savages. In their hands it is an instrument of hard wood, thin, 
with sharp edges and helicoidal surfaces, and flexed into a re- 
versed curve in the direction of its greatest length. To form a 
good idea of it, take a long, narrow, rectangular strip of tolera- 
bly stiff paper, and holding one extremity in each hand, twist 
them till they make angles with each other ; the warped surface 
connecting the extremities, will be a helicoid and will have a 
greater or less pitch as the angle made by the extremities is 
greater or less ; finally, flex the paper into a reversed curve in 
the direction of its greatest length. When the Boomerang is to 
'be hurled, the savage grasps it at the middle or axis, and giving 
it a whirling or rotatory motion, projects it at the object. It thus 
becomes a missile screwing its way through the air, whose direct 
resistance it thus avoids to a very great extent ; the sharp ad- 
vancing edge also assists this effect, and the Boomerang strikes 
its object with greater force than any other missile of equal 
wein-ht and superficies thrown with the same initial velocity. The 
rotatory motion which is imparted to it before projection, also 
enables it to be thrown with great accuracy, for whatever 
direction it has when it leaves the hand it will retain, owing to 
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the constant balance maintained by the rapid rotation of the par- 
ticles around the asia ; this effect is precisely the same that is 
attained by the grooving of the rifle. The sharp advancmg 
edge is not only useful as dirainishing the resistance to the air, 
but is advantageous in inflicting a greater injury on a living ob- 
ject. It is thas apparent, that a Boomerang in a vigorous and 
practised hand may prove a very formidable missile ; but it can- 
not be argued therefrom that it will be a superior propeller for 
a vessel. When so applied, it is in fact a two bladed true screw, 
with one blade inclined forward and the other inclined backward, 
and it will produce exactly the same propulsive effect as a com- 
mon screw of the same diameter, nnmber of blaflcs, pitch and 
projected surface ; bat it will be economically less cfadent than 
the common screw, from the fact, that owing to the inclination 
of the blades towards the axis, the helieoidal surface will be 
greater in the ratio of the hypothemise to the perpendicular of 
the light angled trianglo made by the blades with the axis, and 
conaequenily, the power expended in overcoming the cohesive 
resistance of the water by the blades, will be proportionally 
greater The only peculiarity that distinguishes the Boomerang 
fiom the common two bladed screw, lies in the fact that one 
blade is in Imtd forward and the other aft, thna making an acute 
and in obtnue angle with the axis, instead of standing at right 
ingles to It By this arrangement the water is pressed by one 
blade towards the axis and by the other blade from the axis ; 
now it ia evident that if anything is to be gained by ineUniiig the 
blades, both blades should be inclined in the same direction, for 
if eqaally inclined in opposite directions, as with the Boomerang, 
the gain by one, if there be any, will be balanced by the corres- 
ponding loss from the other. In fact, however, the inclination 
of the blades fore and aft produces no other effect than the seri- 
ons practical inconvenience of requiring a mnch longer screw to 
obtain equal propulaivo efficiency ; and of coarse, requiring a 
proportionally longer opening in the dead wood of the vessel. 

The dimensions of the Boomerang propeller applied to the 
" CoKFLicT," and tried against the common screw E of similar 
outline of blade and equal projected surface, wore as follows, viz. : 
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Diameter, 13 feet 6 inclies. 

" of the hub, 2 feet. 

Namber of blades, 3 

Pitch, 20 feet. 

Leagth (extreme) in the direction of 

the axis, , 4 feet. 

Mean fraction ased of the pitch in func- 
tion of surface and efficiency of the 
same, 0.118 

Projected area of the blades on a line 

at right angles to axis, 31.056 square feet. 

Helicoidal area of the blades 30.916 " " 

With this propeller the following results were obtained — ex- 
cepting the piston pressure and power developed by the engines, 
which were derived by calcnlation as in the case of screw E — 
they arc the means of three double courses run: 

Speed of the vessel per hour in geographical miles 

of 6,086 feet, 9.124 

Number of donble strokes of engines' pistons and 

revolutions of the screw made per minute, 66.688 

Slip of the screw in per centum of its speed, . . . 26.05 
Mean gross effective pressure in pounds per 

square inch of pistons (by calculation), 16.99 

Gfross horses power developed by the engines (by 

calcnlation), 913.96 



Distributimi of the Power with the Boome-rang Proptlhr. 

The power required to work the engines jper se, taken as before 
at 1^ pound per square inch of pistons, amounts to 80,61 horses. 

The power required to propel the simple vessel under the same 
conditions, will be in the ratio of the cubes of the speeds. The 
speed of the vessel with screw B was 9.434 miles per hour with 
a power of 500.19 horses, and as the speed with tJie Boomerang 
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was 9.124 miles par Lour, tlie power will be (9.424' : 500.19 : : 
9,724 ;) 549.46 horses. 

And as the power expended in the slip of the screw, is to the 
power expended in the propulsion of the vessel, as the speed of 
the former is to the speed of the latter, and as the slip is 26.05 
per centum, the speed of the vessel will be expressed relatively 
by (100,00-26.05:=^) 13.95 ; and as 13.95 ; 549,46 : : 26.05 : 
193.56 horses, the power expended on the slip of the screw. 

The power expended in oyereoming the cohesive resistance of 
the water by the screw blades, calculated in the ratio of the 
square of the velocity, and for a value of 0.45 pound avoirdu- 
pois per square foot of screw surface moving in its helical path 
with a speed of 10 feet per second, amounts to 26,91 horses. 

Adding together the powers expended in propelling the simple 
vessel 549,46 horses ; in the slip of the screw 193.56 horses ; 
and in overcoming the cohesive resistance of the water by the 
screw blades 26,91 horses ; we have an aggregate of 169,93 
horses power, 1^ per centum of which including itself, amounts 
to 62.42 horses power, which is the friction of the load. 

Adding to the 169.93 horses power, the power 62.42 horses 
absorbed by the friction of the load, and the power 80.61 horses 
absorbed by the friction of the engines ^r se, we have for the 
total power developed by the engines 912.96 horses. 

Collecting the foregoing, we have the following distribution of 
the power, viz, : 

noBSES PowEs, Pek CEmOM. 

TSross horses power developed by the en- 
gines, 913,96 

Power required to work the engines per se, 80.61 

Power applied to the screw shaft, 832.35 or 100,00 
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Power expended in overcoming the friction 

of the load, G3.i2 or T.50 

Power expended in overcoming the coliesive 

resistance of the water by the screw 

blades, 36.91 " 3.23 

Power expended in the slip of the screw, . . 193.56 " 23.26 
Power expended in the propulsion of the 

vessel, 5i9.46 " 66.01 

Totals, 832.35 or 100.00 



The gross power 913.96 horses, corresponils to a mean gross 
effective pressure of 16.99 pounds per square inch of pistons. 



§ Explanation of the annexe Table containing a SuMHAriY 
or Tiju Experimental Results. 

In the preceding pages, the Experiments with the different 
Screws applied to the " CoNFLicr," have been discussed in 
strict accordance with the observed data, which is remarkably 
correct, the deviations from truth being so slight as to occasion 
no error of snfQcient importance to be of practical consequence ; 
nevertheless, in order to appreciate with precision the relative 
economical efficiencies of these screws and to exactly distribute 
the power used with them, I have grouped them in the annexed 
Table, where will be found both the observed data and its reoti- 
'fication by calcnlation, together with an exact distribution of 
the power in the different cases for a uniform speed of vessel of 9 
knots per hour. These rectified results being all obtained by 
the same process and for the same values, are strictly compara- 
ble, and determine perfectly the relative efficiencies of the screws, 
and the causes of the same. 

Columns 1, 2, 3, 4, 5, 6 and 7, contain the dimensions of the 
screws, from which it will be seen that the experiments em- 
braced variations in their pitch, in the fraction used of the pitch, 
in the outline of the blades and in their inclination to the axis : 
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also the snbatitntioii of a large globs for the hub and central por- 
tioQS of the blades. These columns in connection with the foot 
notes sufficiently explain themselves. The fractions used of the 
pitch in Column 5, are what are due to the surface and efBciency 
of the same, calculated as the square of the distance of the sur- 
face from the axis. 

Columns 8, 9 and 10, giTo, respectively, the observed number 
of revolutions made by the screws per minute, their slips in per 
centum of their speed, and the speed of the vessel per hour. 
Coluinn 11 contains the slips of column 9 rectified in accordance 
with the pitches and fractions used of the pitch ; the mean of all 
the experiments being taken for the standard or starting point, 
from which the severj,! rectiHed slips are dednced from a loga- 
rithmic curve. Column 12 contains the fme experimental speeds 
of the vessel, derived from the rectified slips of Column 11 and 
the observed revolutions of the screws in Column 8, which are 
assumed to lie correct as tliay were taken by a Counter worked 
by the engiue. 

Colamna 13, 14 and 15, contain, respectively, the observed 
number of double strokes of engines' pistons made per minute ; 
the mean gross efi'eetive pressure by indicator in pounds per 
square inch of pistons ; and the gross horses power developed 
■ by the engines. Tliis data, it is to be regretted, was only ascer- 
tained in the cases of screws A and B, and from their mean has 
been deduced the power 452.51 "horses required to propel the 
simple vessel at the speed of 9 knots per h^ur, as coutaiued in 
Column 21. Columns 16 and 11 contain, respectively, the mean 
^oss effective pressure in pouads per square inch of pistons, and 
the gross horses power developed by the engines for the true ex- 
perimental speeds of vessel contained in Column 12 ; these quan- 
tities have been calcufited from the contents of Columns 22 to 
37 both inclusive, on the hypothesis that the resistance of the 
vessel varied as the square of its velocity, and the power required 
to work the engines per se directly as the number of double 
strokes of piston made in equal times. 

Columns 18 and 19 contain the number of revolutions of the 
Kcrewa and of double strokes of engines' pistons required to bo 
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made in equal times to give tlie vessel a speed of 9 l;nots per liour ; 
the columns are calcniated for the rectified slips ia Column 11. 
Columns 20 and 21 contain, respectively, tbe mean effective 
gross pressure on the pistons in pounds per square incb, and t' 
gross horses power developed by tJie engines required for a speed 
of vessel of 9 knots per hour, and for tie nnmher of revolutions 
of the screws and double strokes of englues' pistons contained in 
Columns 18 and 19. These pressures and powers are calculated 
from Columns 22 to 21 both inclusive. 

Columns 23, 23, M, 25, 26 and 21, contain the distribution of 
the total horses power required to propel the vessel with the dif- 
ferent screws at the uniform speed of 9 knots per hour, and with 
the rectified slips of the screws as given iu Column 11, Colnmn 
22 contains the horses power required to work the engines per se 
at the number of double strokes of pistons given iu Column 19 
and for the pressure of Impound per square inch of pistons. 
Column 25 contains the horses power required to overcome the 
cohesion of the water by the screw blades ; calculated for the 
number of revolutions of the screw in Column 18, and in the ra- 
tio of the square of the velocity of the helicoidal surfaces in their 
helical paths, for a value of 0.45 pound per square foot of sur- 
face and a velocity of 10 feet per second. Columi! 2T contains 
the horses powers required to propel the simple hull at the speed- 
of 9 knots per hour ; this power is derived from the means of tbe 
indicated powers in Colnmns 14 and 15 for the two experimen- 
tal speeds of 1 C 1 m 13 and on the supposition 
that the res ta f th 1 d as the square of its velo- 
■ city. Colum 26 t th h s powers expended in the 
slips of the w d d d f m C Inmn 27 for the true slips 
in Column 11 n ti t f th peeds of the screws to the 
speeds of th I C I m 24 ontaina the horees powers 
required to m t! f t f the load. They are 1^ per 
centum of tl m f C 1 m 2 96 and 21, including them- 
selves. Col m t th 1 rses powers applied to the 
screw shaft tl y th f Columns 24, 25, 26 and 21. 
Column 24 -^ p t m f C 1 nn 23. Column 21 is the 
sum of the C 1 m f t 1 th inclusive. 
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TABLE containing a Summary of the Exptrimmai Eesubs obtained from, the IHfferent Screws applied to H. B. M.'s Steamr "CONFLICT," wM a B^cHJUatimi of these lUsuUs, and <m Analysis of thm 
exhibiting Ike Distribution of tfie Power in each case, and the Relative E£iciencks of the Screws in fundion of the Gross and Net Powers applied. 
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" CONFLUJ'i." S)l 

Oolnmna 28, 29, 30 and 31. contain the quanfities in Coiumus 
24, 25, 26 and 27, expressed in per centum of Colnmn 23 ; they 
consequently show proportion ably the distrihntion of tlie power 
applied to the screw shaft. 

Columns 32 and 33 contain the relative economical efBcion- 
cies of the screws. Column 32 expresses this relation in propor- 
tion to the net powers applied to the screw shaft, which are 
given in Column 23. Column 33 expresses this same relation in 
proportion to the gross powers developed by the engines, which 
are given in Colnmn 21. The difference between Columns 33 
and 33, is caused by the fact, that the net power applied to the 
shaft is, for the same screw, in the ratio of the cubes of the speed 
of the vessel ; while the gross power is composed of this net 
power and the power required to work the engines per se, which 
latter power is only in the direct ratio of the speed of the ves- 
eel. The higher the numbers in Columns 33 and 33 the less is 
tiie economical efGeiency. 

It is believed that the annexed Table is so complete in itself 
as to need no further explanation. 
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§ 39lscussloii of MemiiSs &f She ISxpsrisneiiis. 

In examining the foregoing Table oE Experimental Results, 
our notice is fli-at arrested by tlie slight aifferen(;e in the econo- 
mical efficiencies of the screws, although the latter offer consider- 
able diversity of form and dimensions ; the lowest efScienoy, 
measured by the power applied to the screw shaft, being only 6 
per centum less than the highest. On Closer examination, we 
find this to result from the facts that the loss of useful effect by 
the screws is composed of the sura of the powers expended on 
the slip and required to overcome the cohesive resistance of the 
water by the blades ; and that we cannot diminish one without 
increasing tho other. Hence we find, that within moderate 
limits, the economical efSciency remains nearly the same, al- 
though the slip may vary considerably, as well as the power re- 
quired to overcome the cohesive resistance of the water, the one 
inere^ing as the other diminishes. With the screws applied to 
the " Conflict," the slips varied from 16.50 to 26.05 per cent- 
um, and the power expended in overcoming the cohesive resist- 
ance of the water to the blades varied from 3.18 to 9,75 per 
centum of the power applied to the screw shaft ; jet, as above 
stated, the extreme variation in economical efficiency among their 
screws was only 6 per centum, measured by the net power ap- 
plied to the shaft, and if measured by the gross power developed 
by the engines, it falls to S/^^ per centum ; and were it to be 
measured by the total quantities of steam used m the different 
cases {including the waste .in the cylinder nozzles and clearance), 
which correctly represents the quantities of fuel expended, this 
variation would be reduced still lower, and in fact, in some of 
the cases, the relative economical efSciencies would be actually 
reversed, because the screws giving the lower results in the Ta- 
ble being of greater pitch, make fewer revolutions to propel the 
vessel a given distance, and consequently waste less steam in the 
cylinder nozzles and clearances which have not to be filled so 
often. These remarks, however, only apply when the screws are 
propelling the normal resistance of the vessel, that is to say, 
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when the latter is uninfluenced by liead winds or seas or having 
a vessel in tow. In sueb cases, an entirely diCferent scale of rela- 
tive economical efficiencies will restilt, owing to the facts : That 
with a considerable increase of the normal resisfance of the ves- 
sel, the nnmber of rcYolutions made by the screw in a given time 
will, with equal steam pressure, remain nearly the same, and con- 
sequently, tie loss of useful effect by the power required to over- 
come the cohesive resiat^ice of the water by the bcn.w blades 
will lemim iiej.ily as before , not so lowever with the loss of 
nseful effect bv the slip which increases in the direct ratio of 
the resistance and it we suppose the noimal resistance of the 
vessel to be iiioreased by a moderate heid wind ai \ sea BO per 
centum— in ordinary ca'.e m practice — then the slips of the 
hcrewmllbe increased one halt also and a shp that with the 
noim-il res stance was only 16 per centum, wd' become 24 per 
centum while a slip of 3t) per centum will become S9 per cent 
um the increTied diffeience of the slips being 5 per centum 
which IS uuaccompanied by anythmg at all appioiching propor 
tional decrease m the power required to overcome the cohesive 
resistance of the water by the screw blades ; consequently, nearly 
the whole of this additional 5 per centum of slip tells against the 
screw of greater slip, and becomes more and more exaggerated 
as the normal resistance of the vessel is more and more 
creased. Hence, it will be found that the relative economical 
efficencies of screws espevimented with in smooth water and 
influenced by wind, are by no means the measure of their econo- 
mical efBcieneies at sea, straggling against the vicissitudes ol 
weather and an average increase of the normal resistance of the 
vessel from one-third to one-half, according to its size. This im- 
portant consideration has too frequently, if not always, heen 
overlooked in proportioning screws for marine propulsion ; for 
which purpose the screw of least slip in smooth water is, in 
general, the most efficient. But with screws of equal diameter, 
a marked reduction of slip can only be obtained by lessening the 
pitch, which involves a greater speed of engine for equal speeds 
of vessel, and tliia is a very serious practical inconvenience, espe- 
cially with large engines, as regards their durability and certainty 
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of action. Some reduction of slip eao, it is true, be obtained by 
employing a greater fractioa of the pitch, but this involves, if 
carried beyond four-tenths even in extreme cases, a dispropor- 
tionately increased loss by the power required to overcome the 
cohesive resistance of the water ; it also involves the bo less 
serious practical inconvenience of increased length and weight of 
screw. 

Under the conditions of the Experiments, the screw giving 
the highest economical resnit was screw B, which had the least 
slip, namely, 16.50 per centum ; it had also the least pitch and 
was composed of the fraction V^ths of the pitch ; yet, this screw, 
if we omit the exceptional screw C, expended the greatest 
amount of power in overcoming the cohesive resistance of the 
water, namely, 8.53 per centum of the power applied to the 
screw shaft. "We find also, that every increase of pitch and con- 
sequently of slip, was attended with a decrease in the economical 
eBSciency, notwithstanding that with the increased pitches the 
power expended in overcoming the cohesion of the water, was re- 
daced by reducing the fraction used of the pitch. The snm of 
the losses of nseful effect by slip and by overcoming the cohesion 
of the water with screw B, was (13.85 + 8.53=) 33.38 percent- 
am of the power appl ed to the shaft ind as th s could not 
have been red iced by any fa ther i educt on of the fraction used 
of the pitch it may be tiken a,'^ the minunum abtaiuable with 
the a ven i.itchi.s diameter ind resistance Hem,e under the 
Londitions of the experiments ,''„ ths is the p o; er fraction of 
pitch to be employed in conjunction with a slip of 16.50 per 
centum 

III the strictly comparative experiments with st-rews B and C, 
— which wete the same excepting that m C the bub and central 
portions of the blades were inclosed in a globe whose diameter 
was 35.2 per centum of the diameter of the screw — screw C gave 
a less economical ef&ciency of 24 per centum, owing to the facts 
thit the decrease of the blade surface, although made immedi- 
ately around the axis, increased the slip ; while the power ex- 
pended by the globe in its rotatory movement to overcome the 
Lohe^ion of the water, was greater than what would have been 
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espeaded for the same purpose by the inclosed central portioEs 
of the blades moviDg in their helica! paths. In addition to 
these increased losses, there is also the greater direct resistance 
of the large globe to the forward movement of the vessel, than 
what is opposed by the end of the ordinary hub and the sharp 
edges of the screw blades. Hence we find, tUat as this form of 
screw offers no practical advantages and entails coQsidei-able eco- 
nomical losses, it should never bo employed except when fea- 
thering blades are nsed, in which case it is absolutely necessary 
for containing the mechanism that moves them. 

In comparing screws D and G, which are the same in function 
of form, excepting that the former employs the fraction 0,35 of 
the pitch and the latter the fraction of 0.118 of the pitch, we 
observe that the relative economical efficiency of screw D was 2 
per centam greater than that of screw B, the slip of the former 
being 22.41, and that of the latter 25,90 per centum ; whence 
appears, that in these cases the increase of slip was not compen- 
sated by the decrease in the power required to overcome the co- 
hesion of the water, due to the lesser surface ; consequently, 
with Blips of 22.41 per centum and over, there results a loss of 
economical cfflciency by reducing the fraction employed of the 
pitch below 0.25. 

In the strictly comparative experiments between screw E and 
the Boomerang propeller— which are quite fair, inasmuch as what- 
ever pitch, fraction of pitch, diameter, or outline of blade may be 
employed for the one, can be employed for the other — screw E 
had very slightly the greatest economical efficiency, owing to its 
blades having less helicoidal though the same projected surface 
as the Boomerang, resulting from the fact, that the screw's blades 
were perpendicular to tlie axis, while the blades of the Boomerang 
were inclined fore and aft to the axis. The Boomerang, from this 
cause, has also the great practical inconvenience of requiring 
much more length (in the one experimented with double the 
length) fore and aft in the dead wood of the vessel, in order to 
accommodate the fore and aft inclination of the blades ; if its 
blades bo not made with this inclination it is no longer a Boome- 
rang but a true screw. 



Hosted by 



Google 



96 BKITIStt WAE BCEEW STEAMSHIP " 

From the experiments with screws and E, and the Boome- 
rang, it appears how useless are any attempts to increase the 
efficiency of screws by modifying the outline of the blades ; no 
taperings of the latter out or in, or inolinations of them from a 
perpendicular to the axis either ia a longitudinal or lateral direc- 
tion, and no remuvals radially of the surface by substitution of 
globes aronnd the hnb, or by other means, can add anything to 
the propulsive efficiency of the helicoidal surface, and they gene- 
rally entail serious practical inconveni en cies. The only improve- 
ment possible on the true screw of uniform length from hub to 
periphery, is that due to the use of an expanding pitch or 
carved directrix. 
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SCREW AND PADDLE-WHEEL, 



n. S. STEAMERS "SPEKCEE" AND "I«LAHE." 
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Experiments to ascertain the Comparative Effi- 
ciency of the LOFER SCREW and of the 
PADDLE-WHEEL as applied to the United 
States Revenue Steam Cutters "SPENCER" 
and " IffiCLANE ;" made by order of the United 
States Treasury Department, April \bth, I'ath, 
and 17th, 1846. 

These experimenta were conducted by Cuptaln A. Y. Feaseb, 
of the XT. S. Revenue Service ; and were witaossed by Commo- 
dore M. 0. Peeky and Engineer-in- Chief C. H. Haswell, TJ. S. 
Navy. The latter two gentlemen made separate reports ; from 
the conclusions in Mr. Haswdll's report, I entirely dissent, and 
particularly from the calculated results (which contradict each 
other), where the power element, and other important data are 
evidently erroneously computed, 

lu the conduct of thtse experiments, undertaken for the sole 
purpose of determining the comparative efficiency of the tvifo 
propelling instruments, which comparison rests wholly on the 
relations between the powers and speeds ; it seems inexplicable 
that neither Indicator nor Dynamometer was fitted to the 
machinery; consequently, neither the resistance of the hull, nor 
the power developed by the engines, nor the pressure required to 
work the latter per se and overcome the friction of the gearing 
was ascertained ; and the comparative economical efficiency of 
the two systems of propulsion, so far as it rests on the experi- 
mental data, was left as much nndetermined as before these 
trials were commenced. 

lu the original reports, the consumption of fuel per hour in 
each case was given, and it might be supposed that this con- 
sumption could serve for an expression of the power ; but as 
the ti;ials lasted only a few hours, and as the consumption of fuel 
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noted (except during the 1st Trial, April ITth) is simply what 
was put in tlic fnrnacas after starting, taking no account of tlie 
amount already in, and remaining at stopping, nor of tlie 
quantity of ashes and other refuse made, nor of the amoant 
of water fed into or blown out of the boilers during the trials, it 
is manifestly impossible to use this element, especially as it con- 
tinually contradicts itself ; for instance : During the two trials 
made April 15th with the " Spenoek," the consumption of coal 
is stated for the 1st Trial at 1,634 pounds per hour, with steam 
of i2.3 pounds boiler pressure per square inch and 40.i3 double 
strokes of engine piston per minnte ; for the 2d Tiia], same 
throttle and measnre of expan'^ion for the steam, the coiisnmp- 
tion of fuel was but 1,155 pounds per hoar, furnishing steam of 
42,fi2 pounds boiler pressure per square inch, with 43.81 double 
strokes of piston per minute ; that is to say, on the same day, 
with same machinery and fuel, firemen and enyineers, the same 
boiler at an interval of a few honrs furnished G/j- per centum 
mora steam with llj per centum kss fuel. Further, the fuel was 
supplied with air by a fan blast, and in both trials the blowers 
were driven at 280 rcvolntions per minute ; as they furnished 
about the same quantity of air, there must have been consumed 
about the same quantity of fuel in equal times. 

Again, during the 1st Trial, April IGth, with tl)e "Spekcer," 
it ia stated there was consumed 357 pounds of coal per hour, 
famishing steam enough to make 35 double strokes of piston ; 
during the 2d Trial the same day, under the same conditions 
,of weather, water, throttle and measure of expansion of the 
steam, tho "Spencer," with 588 pounds of coal per hour, 
furnished steam enough for only 31.91 double strokes of piston 
per minute ; and so on throughout all the experiments, except 
the 1st Trial, April llth, in which, after steam was raised and 
the furnaces filled, 2,000 pounds of coal were weighed out for 
each boiler, and the steam being worked with equal expansion, 
though not with equal opening of the throttle, tho vessels were 
run as long as the engines would contindo in motion. In this 
case, the Mat amount of coal barned from starting fires being 
known, and that coal being entirely burnt out, it furnished a 
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tuleribly LXict exponent uf tLe lelitive eflicient,y tf tie tno 
systems of propula on m i-ombmatiou with the mode of us ng the 
steam in function of fuel coQsumecl the only errors that could 
oecnr bei ig duo to thi, mo Ip of firini^ quality of coal and 
amount ot feeding up an 1 blowing off done all of wh ch 
probably lii not vaiy enough m the two cases to grealjy 
vitiate the lesnlt But the lelatire ef^t-ieney thus ascertained 
m fuictto of fid cons 7u.! mil not even be approsimitely 
a measure of the relative efQciency jw /m« /ww uf jmeer exert d 
owinj, to the fiLts that the screw and paddle wheel in older 
to give the vessel equal speeds, required a very different iinmber 
of double strokes of engines' pistons to be made in equal times ; 
and that the engines were of the same dimensions and non- 
condensing, consequently exhausting against the atmosphere, and 
having a back pressure on the pistons bearing a very high ratio 
to the mean effective or impelling prcasnrD, Now, ceteris paribus, 
the weight of steam is an exact measure of the weight of com- 
bustible prodm-ing it, and as this back pressure and also the 
pressure required to work the engine fn- se were the same per 
stroke of piston with both the screw and the paddle-wheel 
engines, it follows : that the weight of steam to balance it, con- 
sumed in equal timea, will be greater with the quicker working 
screw engine than with the slower working paddle-wheel engine, 
in the ratio of the number of strokes of piston made iu equal 
times ; and as this steam constituted a high per centage of 
the total quantity used, and was ineffective iu the production of 
the power exerted, which is derived simply from the effective 
pressure or the pre^iure that remains after deducting from the 
absolute pressure that which is required to halauce the back 
pressure and to work the engine jisr ae, it follows, that with 
widely varying speeds of piston, the fuel consumed and the 
power generated by it, are not even approximately commensura- 
ble, but may vary to any extent. 

Without adverting further to the conclusions of Messrs, Peeey 
and Haswell, I shall take the elementary data as furnished by 
Captain Fkasbr, and draw my own conclusions from it. 

The hulls of both vessels were of iron, and duplicates in all 
respects, being built in the same manner, from the same lines. 
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and of the same dimEEsIons. The model was peculiar, and 
origiaated from necessity, not choice, as, these tcbscIs were 
originally built for and fitted with " Hnnter'a submerged 
wheels," which could only be placed in a transverse section of 
peculiar foi-m. These submerged wheels proving signal failures, 
were removed, and the common Paddle-wheel substituted in the 
" MoLawe," and two of Loper's screws, one under each counter, 
in the " Spencer." The principal portion of the submerged 
transTerse section of the hull was nearly a parallelogram, the 
side being vertical, the bottom having but very little dead rise, 
and the bilge being almost a sharp angle instead of gently 
ronnding with an easy curve. Just above the level of the top of 
the Hunter wheel and ahout 3 feet below the water line, the 
section swelled oat rapidly in a reversed curve in order to give 
width of spar deck. The water lines were extremely sharp both 
fore and aft. Sach a very defective model may be characterized 
as combining the minimum displacement with the masimnm 
of rubbing surface. 

The vessels were as deficient in sea going as in other good 
qualities ; they were destitute of stability, and would not stand 
up under canvas in strong breezes. In fresh breezes on the 
wind and abeam, the Ice wheel of the " McLanb '' would be 
immersed nearly to the shaft, and the weather wheel thrown 
proportionally out of water. The greatest immersed transverse 
section being placed very far abaft the centre of the load water 
line, the vessels were nnmanageabl" in heavy weather, as they 
would neither "lay to," nor could be kept by the wind : for the 
same reason they would not " stay," and they were diflicult to 
"w a ay asonable space. 

It 11 1 q\ rved, that from the use of two screws, one 
n 1 1 nter, and not overlapping each other, instead 

of ly a 1 that placed immediately behind the stern-post, 

th m 1 1 f th vessels were about equally favorable for Screw 
and Paddle-wheel, as the water had easy access to both in a 
solid state. The paddle surface was large and of deep immer- 
sion in proportion to the size of vessel, and its considerable slip 
conclusively shows the hull to have had a very high coefficient 
of resistance. The surface of the two screws was very large 
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and the pitch moderate in proportion to the size of the hull, so 
that tteir slip, as in the case of the paddle-wheel, proves the 
hull's coefBciant of resistance to have been unusually great, 
especially for such sharp water lines, Snch a model, it is 
cTidcnt, could not be of easy resistance. 

The original boilers and engines were employed with the new 
"ystema of piopulsion ; they were of precisely the same dimen- 
sions, but the speed of the engines rclatirely to the speed of the 
propellmg instiuments was modified in both vessels by cog-wheel 
tjeiimg , the loss of useful effect occasioned by the friction of 
the latter, was therefore the s^me in both ; the only difference 
in the gearing was, that the speed of the Paddle-wheel was 
geared down while the speed of the Screw was geared up. 

In these experiments the distances rnn and the velocities of 
the tide were given fay the Superintendent of the T7. S. Coast Sur- 
vey ; of the remaining data, there is much uncertainty as to the 
accuracy of the steam pressure, point of cutting off, and opening 
of the throttle. Besides which, the cylinder cut-off valves were 
quite diiferent in the two vessels, being a " slide " in the " Spen- 
cer," and a " puppet " in the " McLane," which taken in con- 
nection with their very different speeds of piston, precludes sli 
idea of determining the relative mean cylinder pressures from the 
boiler pressures, by making equal allowances for difference be- 
tween them, and employing the same coefRcient of expansion, 
and amonnt of back pressure. I have, however, in the " Table 
of Rectified Results," etc., hereinafter given, assumed as correct, 
the power required to propel the vessel at 7 geographical miles 
per hour which resulted from the mean of a number of accurate 
but detached experiments made at different times with the 
" McLane " (paddle-wheel), and w hich I am convinced does not 
vary much from the truth. 



§ ITuU and Mkclihwy. 

The following are the dimensions, etc., of the hull and ma- 
chinery of the two vessels, viz. ; 
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IlaU {iron). 

Length between perpendiculars, 143 feet. 

Beam at knuckle of bilge, 18 feet 6 inches. 

Beam at. load water line (9feet 8 inches 
mean draught), 22 feet. 

Beam on deck, 23 feet. 

Depth of hold. 11 feet 10 inches. 

Depth of keel, 1 foot. 

Depth from rabbet of keel t^ load wa- 
ter line, 8 feet 8 inches. 

Area of greatest immersed tranverse 

section (9 feet 8 inches mean draught) 166 square feet. 

Displacement at 9 feet 8 inches mean 
draught, 460 tons. 

Displacement at load water lino per 
inch of draaght, 5.11 tons. 

Immersed surface of hull, 4,128 square feet. 

Area of load water line, 2,142 " " 

Area of load water line in proportion 
to circnmscribing parallelogram, . . . 0.681 

Area of greatest immersed transverse 
section in proportion to circumscrib- 
ing parallelogram, 0.8T1 

Displacement in proportion to circnm- 
scribing parallel npipedon, 0.589 

Displacement in proportion to cjlinder 
having for base the area of the gi'eat- 
cst immersed transverse section, 0.6'fT 

Angle of entrance of the load water 
line, .' 42° 

Mean angle of entrance for the whole 

draught 21° 

Angle of clearance of the load water 
lino, 51° 

Mean angle of clearance for the whole 
draught, 21° 
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Angle of dead riso at the greatest im- 
mersed transTerse section, 



Two non-condensing, horizontal engines for each vessel. The 
stBam was cut off in the " Spencer " by a slide valve, and in 
the "McLane" by a puppet valve, at half stroke. The engines 
of both vessels were' geared, and of the following dimensiuus, 

viz. : 

Diameter of cylinders, 24 inches. 

Stroke of pistons, 3 feet. 

Space displacement of both pistons pec 

stroke, 18.85 cubic feet. 



Geannff. 

("Spencbk," Screw engine.) 

Extreme diameter of driviug wheel, 3 feet I J inch. 

Extreme diameter of wheel on screw shaft, 2 feet 6 inches. 
The driving wheel contms 15 teeth of 

The wheel on the aurew shaft contains 60 

iron teeth. 
The screws make 1^. revolution for each 

double stroke of engines' pistons. 

(" McLane," Paddk-whd e.7igme.) 

Diameter of driving wheel on engine 

shaft, i feet 6 inches. 

Face of ditto, ' 1 foot i inches. 

Number of iron teeth in ditto, 41 

Diameter of cog-wheel on paddle-wheel 

shaft 1 feet. 

Face of ditto, 1 foot 4 inches. 

IjTumber of wooden teeth in ditto, 12 
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These cog-wheels are formed of two sections, each 8 incbes 
wide, placed together so that the teeth off-set or break joints 
to prevent lia,ct lash or jar, and to keep a greater number in 
cofltaet. The Paddle-nheels make 0.653S of a revolution for 
each double stroke of engines' pistons. 



Boilers. 

Each TEsscI had one boilpr of iron with single return ascend- 
ing fines. The natural draught, though strong, was entirely in- 
snfBcient to burn enough coal to furnish the required amoDiit of 
steam, and was aided by a powerful fan blast, the blowers of 
which were driven by a small independent steam cylinder. The 
fnei used was anthracite. 

Length of the boiler, 22 feet 10 inches. 

Breadth of boiler, 8 feet 10 inches. 

Height of boiler (exclusive of' steam 

chimney), 9 feet 5 inches. 

Area of the total heating surface, .... 1,309 square feet. 

Area of the total grate surface, 43 " " 

Aggregate cross area of the two lower 

rows of flues, 7.309 " 

Aggregate cross area of the two upper 

rows of flues, 1,636 " 

Cross area of the smoke chimney, I.STG " " 

Height of the smoke chimney above 

the grates, 45 feet. 

Capacity of steam room in the boiler, . 30t cubic feet. 
Weight of sea water contained in the 

boiler, 37,300 pounds. 



Proportions. 

Proportion of heating to grate surface,. . 30.442 to 1.000 
Proportion of grate surface to aggregate 



Hosted by 



CmOo^^ 



V. S. BTBAMEES " SPBNOEK " AHD " M^LANE." 107 

crossareaof the two lower rows of flues, 5.883 to 1,000 
Proportion of grate surface to aggregate 

crossareaof the two upper rows of fines, 5,631 " " 
Proportion of grate surface to cross area 

of smoke chimney, 5.460 " " 

Sqnare feet of heating surface per cubic 

foot of space displacement of piston per 

stroke, Q^AiS 

Square feet of grate surface per cubic 

foot of space displacement of piston per 

stroke, 2.281 

Cabie feet of steam room per cubic foot 

of steam used per stroke of piston, .... 16.390 

Paddk-^ked of ih " McLame." 

Diameter from outside to outside of 

paddles for the Trials April 15tli 

and 16th, 16 feet 5 inches. 

Diameter from outside to outside of 

paddles for the Trials April ITth, . . 35 feet 1 inch. 

Number of paddles in each wheel, li 

Number of paddles in each wheel in 

water for the large diameter, ft 

Length of each paddle, b feet 11 inches. 

Breadth of each paddle, 10 inches. 

Aggregate area of two paddles, 9.861 square feet. 

Screws of the "Spencer." 

Two LoPER screws of wrought iron, one placed under each 
counter of the vessel and supported by hanging stirrups from the 
quarter. In this kind of screw, the pitch is uniform for the same 
element from fore to aft, but expanding radially from hub to 
periphery. The consequence is, that when the difference between 
the pitch at the hub and at the periphery is great, as in the case 
of the " Spencer's " screws, the central portion of the screw has 
a less longitudinal speed than the vessel and exercises no propul- 
sive effort ; while the loss of useful effect by the power required 
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to overcome the cohesioa of tte water, is as great as though the 
iiormal propulsive effort was obtained. Another cocsequence is, 
that for every chaDge of slip, the acting screw snrface and the 
(idivg mean pitch ohangea ; the surface beeomiDg less with the 
less slip and the pitch greater ; ami with the greater slip, the 
achnff surface becomes greater and the pitch leas. 

Diameter of the screw, 8 feet. 

Diameter of the bub, 8 inches. 

Kamber of blades, i 

Length of the screw in direction of axis 

at periphery, 2 feet 10 inches. 

Tapering in to a length in direction of 

axis at J|- foot radius.-of 3 feet G iucbcs. 

Length of the screw in direction of axis 

at 1^ foot radius (2 inches offset 

on each side), 3 feet 2 inches. 

Angle of blades at periphery from a line 

at right angles to axis, 36" 

Angle of blades at hub from a line at 

right angles to axis, C0° 

Pitch at periphery, 18.26 feet. 

Pitch at hub, 3.65 feet. 

The acting surfaces and the acting mean 

pitch will be found for eacli case 

of slip, in tbe Table of Experimental 

Data hereinafter given. 

The remaining data for the screw will be found in the follow- 
ing Table ; the calculations embrace one screw only ; for both 
screws the surfaces must be doubled, and also the power re- 
quired for overcoming the cohesion of the water by the screw 
blades. This power has been calculated for the number (51.01) 
of revolutions required to be made by the screw per minute, with 
the normal slip of 11.63 per centum, to give the vessel a speed 
of t geographical miles per hour. The friction value of one 
square foot of helieoidal surface, moving in its helical path with 
a speed of ten feet per second, is taken at 0.45 pound, and to be 
in the ratio of the square of the speeds. 
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Both vessels were topsail schooner rigged. The " Spbnceb" 
had three masts, the "McLank" but two ; yards were carried, 
however, on the foremasts only of both; and both vessels spread 
equal amounts of canvas. 



§ Expirimenlal Trials. 

Two trials were made on each day, the vessels starting 
together, but running unequal distances through the water. 
The object was to test th^ comparative efficiency of the two 
systems of propulsion in smooth water and calms, with strong 
wind and rough sea ahead, and with strong wind and rough 
sea aft. The trials made on the 16th and llth April, wero 
in water perfectly smooth, and in calms and light airs. During 
the trials made on the 11th April, the paddles of the "McLane" 
were reefed in towards the axis, reducing their diameter from 
16 feet 5 inches to 15 feet 1 inch, and their immersion from 
3 feet 9J- inches to 3 feet. In the 2d Trial, April ITth, the 
data with the "McLakk" was evidently widely erroneous — 
making the slip of the centre of pressure of the paddles 36 per 
centum — and totally disagreeing with the data of the other com- 
parable trials ; I have, therefore, omitted in this case the results 
fi'om the "McLane," and merely given those from the "Spen- 
cer" as corroborative in their agreement of the accara^'y of the 
results from the other trials made nnder similar circumstances 
of wind, water, etc. 

The slips given by the screw in all the comparable trials 
made during the 16th and 17th April, were sensibly the same, 
showing that the resistances of the vessel were in the ratio of 
the square of its velocity, although that velocity varied from 
5.473 to T'oS geographical miles per hour. 

The vessels' draught of water varied a few inches during the 
trials, but not enough to sensibly affect the results. 

The power required to overcome the cohesion of the water by 
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tte immersed surface of the hull, calculated for a speed of vessel 
of 1 geographical miles per hour, and in tlie same manner as 
with the screw, amounts to 55.91 Horses Power. 

In the 1st Trial, April 16th, the throttle of the screw engines 
of the "Spencek" was greatly closed to reduce their speed to 
35 double strokes of piston per minute. 

The 1st Trial, April 17th, was made to determine the relative 
performaace of the two vessels, consuming an equal amount of 
fuel, but without regard to exact eqaahty of time. For this 
purpose, 3,000 pounds of coal were weighed out in both vessels, 
and burnt at such rates as to maintain ahont the same boiler 
pressure in them ; the throttle of the screw engine was partly 
closed, to maintain this equality of presanre, while that of the 
paddle-wheel engine was carried wide open. The coal w^ 
entirely consumed in both cases, and the engines operated as 
long as there was steam enough to move them. Hence, in this 
Tnil, the rehtivo economical efficiencies of the piopelhng instiu 
ments and motor oombmed, can be determined in fimction of 
fuel consumed from the expeiimental data, the steam bemg 
equally expanded in both cases, and exhaustmg against the con 
stant atmospheric pressure Tho distance run by tho screw 
vessel "fcpBNCEit" was 2316 miles m 326 minutes, and by the 
paddle wheel vessel ""McLane," 2315 miles in 209 minutes 
It IS then necessary to a=«certain what time would he required 
by the " MuLabe " to rnn with the same fuel the didtince 23 15 
miles thib time will be the tmio 209 mmutos inaeased in the 
ratio of the cubes of the distances 23 1j and 23 15 miles, which 
cn^es compare 13 108 and 100, conseqnently, 209x1 08— 22t, 
minutes, or precisely the same time as occupied by tlio aeitiv. 
vessel "Spenceh" in running the sime distance Hence m 
function of fuel consumed, the two systems — piopelling mstiu 
mento and steim machmeiy combined m each vessel— weie ot 
equal eftciency 

The attmg mean fraction ot pitch of the screw, when piopel 
ling normally m smooth watei, nnmflueuced by wind or current 
was 0.65, and this increased as the shp increased fiom additional 
e of the vessel arising from any cause whatever. 
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The ftDiiexed Table contains all the Data of the Bsperimental 
Results of these Trials, and taken in connection with the pre- 
ceding explanation and dimensions, gives all the information 
required. The loss of useful effect by the oblique action of tlie 
Paddles, has been calculated in the ratio of the squares of the 
sines of their angles of incidence on the water, modified in the 
direct ratio of their depths in feet below the surface of the 
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lE cmtcaning the Data of the Comparative Experiments made with the lopee scsew of the " SPENCER " aai the PADDLB-waBBi. 

April 15th, ieth,and lltk, 1846. 



af the " MeLANE," hy order of the United States Treasury Department, 
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. of the anmx&l Table, ezkiUting thi Redified 
Results md the Distribution of the Forcer, e.tc., for the Lofee 
Screw of the " Spekobr," and Common Faddk-iaheel of t/ti 
" McLiNE." 

In tbis Table will be found gronped tlie comparative Results 
from the Loper screw of tbe " Spencer " and the Paddle-wheel 
of the " McLane," for a nniforra speed of vessel of 1 geographi- 
cal miles per hour, and under the conditions of the Trials, whose 
data are given ia the immediately preceding Table. The con- 
ditions, as regards weather and sea, are — 1st, Smooth water 
uninfluenced by wind or current. 2d, Turbulent sea and strong 
gales on bow. 3d, Turbulent sea and strong gales on quarter. 

■Column 4 contains the slips of the propelling instruments in 
per centum of their speed. The slip oE the Loper screw ia 
smooth water, unintlaenced by wind or current, is the mean of 
all the trials made with it under these conditions. The other 
slips are what were experimentally determined in each case. 

Column 5 contains the number of revolntlons per minute 
required to be made by the propelling instruments, with the 
slips in Column 4, to give the vessel a uniform speed of 1 geo- 
graphical miles per hour. 

Column 1 contains the number of double strokes of engines' 
pistons per minute, in agreement with the number of revolutions 
of the propelling instruments in Column 5. 

Column 6 contains the horses power required to work the 
engines per se and overcome the friction of the gearing, for the 
number of doable strokes of piston in Column 1, calculated for a 
pressure of 2J pounds per square inch of pistons. 

Column 9 contains the horses power required to overcome the 
cohesion of the water by the screw -blades ; calculated for a, 
value of 0.45 pound avoirdupois per square foot of helicoidal 
siirfaco moving in its helical path with a velocity of 10 feet per 
second, and in the ratio of the square of the velocity, for the 
number of revolutions of the screw per minute in Column 5. 

Column 12 contains the horses power required to propel tho 
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simple vessel at the speed of V geographical miles per houi It 
wilt be observed thit tbis power (83 toraes.) la the same for the 
Dame conditions of smooth water, uumaaeuced by wind or 
current ; foi the coadifioas of turbulent se*i and stiong gales on 
the bow and th= quirter, this power is increasei! m the direct 
ratio of the increased slip of the' sciew m thesL cisea , foi the 
slip of the screw measures esactlj the resistance upon it, a 
double Blip indicating a double resistiuce, etiy, and it is endeat 
that with equal speeds of vessel, tte power lequired will be m 
the direct ratio of the resistauces. The noimal powei, 82 horses, 
required to propel the simple hull at t miles pei hoar in smooth 
water, uninfluenced hj wind or current, is derned fiom the mean 
of a, number of accurate experiments made n ith the piddle wheel 
steamer "McLank" at various aftertimcs, and is believed to be 
a very close approximation to tiie truth. 

Column 11 contains the liorscs power expended in the slip of 
the propelling instruments, calculated from Column 12 in the 
ratio of the speed of the slip to the speed of the vessel. 

Column 10 contains the horses power expended in the oblique 
action of the paddles, calculated as the square of the sines of 
their angles of incidence on the water, modified by the depth of 
their centre of pressure below a plane 33.84 feet high above the 
surface of the water; 33,84 feet being the height of a column of 
water equal to the pressure of the atmosphere. 

Column 8 contains the horses power expended in overcoming 
the friction of the load. It is 1^ per centum of the aggregate 
of Columns 9, 10, 11 and 12, added to itself. 

Column 1 contains the net horses power applied to the shafts 
of the propelling instruments. It is composed of the aggregate 
of Columns 8, 9, 10, 11 and 12. 

Column 3 contains the gross horses power developed by the 
engines, and is composed of Column 1 increased by the number 
of horses power required to work the engines pe/- se, as given in 
Column 6, 

Column 2 contains the mean gross effective pressure on the 
pistons iQ pounds per square inch, in accordance with the gross 
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horsea power in Columa 3 and the double strokes of piston in 
Colnmn 1. 

Columns 13, 14, 16, 16 and iT, are Columns 8, 9, 10, 11 and 
12 expressed in per centum of Column 7. 

Columns 18, 19 and 20 exhibit the relative economical efficien- 
cies of the propelling instrnmeEts under the different conditions 
of weather, etc. Column 18 is Column t proportion ably, and 
exhibits the relative efSciencies in function of the net powers 
applied. Column 19 is Column 3 proportionally, and exhibits 
the relative efficiencies in function of the gross powers developed 
by the engines. Column 20 exhibits proportionally the weight 
of steam consumed in equal times in the different cases, and con- 
sequently the weight of fuel. It is calcnlated for cutting off at 
the same point, and for the same back pressure against the pis- 
tons of 16.3 pounds per sqnare inch, from the mean gross pres- 
sure given in Column 2. Column 20, therefore, shows the rela- 
tive economical efBciencies of the propelling instruments in func- 
tion of fuel consumed. In thcs columns the lowest numbers 
indicate the highest economical efficiencies. 
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Discussion f)f Ike Resalts of ihe JSxpsriments luiik the, I.oper Screw 
of t/ie "Spesceb," and ike Faddh-wheel of the "McLanb." 

Keferring to the foregoing "Table containing the Rectified 
UesuItB," etc, of the experiments, we will first examine the effect 
of reefing in the paddles of the common paddle-wheel of the 
"McLane ;" that is to say, of diminishing their diameter and 
the immersion of their lower edge beneath the water. During 
the ti'ials on the second do.y, the diameter of the paddle-wheel 
was 16 feet 5 inches, and the immersion of the paddles 3 feet 9^ 
inches. During the first trial on the third day, the diameter was 
reduced to 15 feet 1 inch by reefing ia the paddles 8 inches to- 
wards the shaft, which rcdnctd their immersion from 3 feet 9J 
inches to 3 feet ; the diBcrcpancy of IJ inch being; caused by dif- 
ference in the mean draught of the vessel on the two days. The 
reduction in the diameter was 8.12 per centum, and the reduc- 
tion in the immersion 20.03 per centum of the original. The re- 
sult as regards slip, was an increase from 25, d3 to 30.40 per 
centum, or very nearly one-fifth, the ratio of increase of the slip 
being sensibly the same as the ratio of decrease in the immersion 
of the padd e "W th reg 1 to tl e loss of usef 1 eff ct by tlie 
oblique action of tlie paddl s t was th the dee; niraersion 
25.ie per ce t m aud v th tl e 1 ht n ne on 1 ^o per cent- 
am of the po e appl ed to tl era o a dec ease of 1 -i per cent- 
um. We thus pe e e tl at n the c se of he j. ad He wheel ap- 
plied to the " McLane," the reduction in the diameter and im- 
mersion of the paddles gave an increased loss by slip of one-fifth, 
and a decreased loss by the oblique action of nearly one-sixth. 
If these differences bo measured by the net power applied to the 
paddle-wheel shaft, the losses with the original wheel were, by 
slip n.60 per centum, and by oblique action 23.28 per centum, 
total 40.88 per centum ; and with the reduced wheel these losses 
were, by slip 22.16 per centnm, and by oblique action 19.61 per 
centnm, total 41.17 per centum. The relative economical effi- 
ciency in the two cases of the paddle-wheel, measured by the net 
powers applied to the shaft, was, for the original wheel, 1.0000 
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against 1.0176 foi- the wheel of reduced diameter ; that is to 
say, the afipliuatiou of the power by the former wa,s If per ceut- 
nm better than by the latter. If, however, the ecouomical effi- 
ciencies be measured by the gross powers applied, the applica- 
tion of the power by the origiual wheel is 3yV pei^ centum bet- 
ter than by the reduced wheel, owing to the less power expended 
in working the engines jjw se, arishig from the less number of 
doable strokes of piatou required for the same speed of vessel 
with the less slip. It must be borne in mind that these conclu- 
sions are only applicable to pad die- wheels haying losses by slip 
and oblique action proportional to those of the "McLane ;" 
any variation in the slip, or in the oblique action, will vary the 
relative economical efSoleney, and every problem requires a par- 
ticular solution. If the comparison of economical efSciencies be 
made by weight of fuel consumed, the original paddle-ivheel ap- 
plies the power 4 per centum better than the wheel of reduced 
diameter. 

We will now compare the results given by the original paddle- 
wheel with those from the Loper screw for the normal conditions 
of smooth water uniniinenced by wind or cnrrent ; and referring 
to Column 18 of the preceding Table, we perceive that the eco- 
nomical efGcieucy of the screw was 31^ per centum greater than 
that of the paddle-wheel. I^fow, the' net power applied to 
the shaft as given in Column 18, is the true measure of the rehi- 
tive economical efficiencies of the propelling instruments per si, 
and is what we must form our opinion from, abstractly from tho 
modifications caused by difference in speeds of piston, and in ra^ 
tio of hack pressure to total absolute pressure, which are com- 
bined with the performances of the propelling instruments when 
either the gross powers developed by the engines, or the weight 
of fuel consumed, are taken for the measure of the cost. This 
difference of 81^ per centum, though great, is no more than 
might be expected from the great difference in the slips of the 
screw and paddle-wheel ; the slip of the latter (Column 4) be- 
ing 1,4424 times greater than that of the former. The losses of 
useful effect by the screw in per centum of the net power applied 
was, for overcoming the cohesion of the water by the screw blades 
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10.06, and expended in the slip 14.53, total 24,59 per centum 
agaiast a total loss by the partdle-wheel of 40.88 per ceDtunij 
The superiority of the screw could not be more decided, but it 
must not be overlooked that the cause lay in tlie very imperfect 
proportions of the paddle-wheel, whose losses of useful effect both 
by the slip and the oblique action of the paddles were escesaive. 
The immersion of the paddles, whicli regulates the iatler loss, was 
46.19 per centum of their radius, a very unusual proportion, 
wliilo the length of paddle was such as to give the excessive slip 
of 35.43 per centum. The screw, however, on its part, was by 
no means so perfect as it might have been, preserving the same 
dimensions in all respects escept making the pitck nniform radi- 
ally instead of expanding, and of the same length as the acting 
mean pitch, by which means the propulsively useless central por- 
tions of the screw would have been made of propelling efficacy. 
The central portion of the screw that was useless from having a 
less longitudinal speed than the speed of the vessel, was 4i feet, 
in diameter, or 56J per centum of the diameter of the screw j had 
this portion had the same pitch as the mean pitch of the acting 
peripheral portion, the slip of the screw would have been reduced 
from 17,63 to 14.49 per centum, with a nearly corresponding in- 
crease of efficiency; for this reduction would have been attended 
with but a slight increase of the power required to overcome the 
cohesion of the water. The central portion of the screw ex- 
pended a considerable power for this purpose, and was only of 
use, mechanically, to attach the peripheral portion to the hub. 
If the gross power (Column lO) developed by the engines be 
taken for the measure of the cost, the efficiency of the screw is 25^ 
per centum more than that of the paddle-wheel ; while- if the 
weight of fuel or steam expended (Column 20) be taken as this 
measure, the economical efficiencies are equal, owing to the 
causes already fully explained in the first part of this article. 

We will now compare the performances of the paddle-wheel 
and screw during the Ibt Trial, April 15th, in a turbulent sea 
with strong gale on the bow. In this trial, the absolute speed 
of the screw vessel "Spencer" was 5.68S miles per hour, while 
the speeii of the paddle-wheel vessel "McLake" was only 3.963 
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miles per hour. The shp of the screw had increased from its 
normal amount of 11.63 to 31.51 per ceatum, or I.ISIS times ; 
while that of the paddle-wheel Iiad increased from 35.43 to 
48.88 per centum, or 1.9321 times. It thus appears, that the 
increase of slip due to the opposing sea aud wind, was greater 
with the paddle-wheel tliau with the screw. The reverse of this 
should have bee i the case from the fact that the piddle wheel 
as its slip is increased by add t onal os st nee of the vc ael 
brings more paddle sn f co nto propell ng «M;t on 1 ^ g the 
enteriog paddle? a g eater lo g tad nal ^i eed thi th t of the 
vessel, while ui de o mal oud t o S their long tuo n 1 si eed 
was less than tl at of the ve sel we must tl erefore look for 
the cause of this disagreement in the additional resistance offered 
to the wind by the paddle-box surface of the " McLahe," and iu 
the little stability of the hull, from which cause the rolling of the 
"Mi^Lime" was constantly decreasmg the immersioa of one 
wlieel, and increawng the immeisiou of the othei , but the 
incieased resistance of the deepet immersed wheel bj no means 
balanced the loss of resistance by the emersion of the other 
From the same cinse, the loss of useful effect by the oblique 
action of the paddles of the deeply immer=ed wheel, iiici eased lu 
ahighei latio than it decreased for the less immersed wheel 
Now with the sciew the rolling of the vessel neithei dimmiahed 
the resistance of the screw noi incieased its loss by the power 
required to oveicome the cohesion of the viater , while with the 
paddle nheei, this rollmg incitasod its losses both by diminishing 
tlie resistance of the paddles and by augmenting their oblique 
action. The losses by the screw in per centum of the net power 
applied, was, in slip 26.39, and in overcoming the cohesion of 
the water, 8.14, total, 35.13 per centum, against a loss by the 
naddle-wlieel in slip 33,84, and in the oblique action of the 
paddles 23.21, total, 51.11 per centum. The efficiency of the 
crew and paddle-wheel measured by the net power applied, was 
62 per centnm more with the former than with the latter ; and 
if the gross horses power developed by the engines bo taten for 
the measure of the cost, the efficiency of the screw was 51^ per 
centum more than the paddle-wheel. If the weight of fuel used 
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be taken as the measure of the cost, the efficiency of the screw 
was 29j\ per centnin more than that of the padtlla-wheel. 

Proceeding now to the case of the performances of the screw 
and paddle-wheel in a turbulent sea, with a strong gale on the 
quarter, 2d Trial, April 15th, we find that the absolute speed of 
the screw vessel "Spencek" was 6.161, and thai; of the paddle- 
wheel vessel " McLakb," 6.915 miles per hour. The slip of the 
screw had increa.sed from its normal quantity, 17.63 per centum, 
to 23.30 per centum, or 1.316 times. The normal slip, 25.43 
per centnm of the paddle-wheel, had increased to 32.51 per 
centnin, or 1.231 times. Hence, we observe that in the matter 
of slip, the increase with the screw was greater than with the 
paddle-wheel, doubtless owing principally to the effect of the 
wheel-houses of the "McLaxe," which offered a considerable 
surface to the wind, and acted propulsively as a sail. This 
result was exactly the opposite of that from the trial with the 
turbulent sea and strong gale on the bow. If, in the two cases 
of propelling in a tarhulent sea against and with a strong gaJe, 
we compare the mean of the slips, we shall have for the screw 
"•^'a^'^' -ST.SS per centum, and for the paddle-wheel *?^?.+??:?!_ 
40.13 per centum ; making the normal slip of the screw to 
increase {a-;f;a^— ) 1.5513 times, and that of the paddle-wheel to 
increase (|^:J-§-=) 1.6012 thnea, or abont the same, if we consider 
the unavoidable errors of data. Hence we perceive, that in 
going before the wind, the paddle-boxes increased the speed 
of the vessel as much as they decreased it when going against 
the wind. In this trial, the efficiency of the screw, measured by 
the net power applied, was 31 per centnm more than that of the 
paddle-wheel ; and if measured by the gross horses applied, 
31 1*^ per centum more ; while if the weight of fael used be taken 
as the measure of the cost, the efficiency of the screw was only 
6 per centum more than that of the paddle-wheel. The general 
result of these trials, measuring the cost by the net power 
applied, shows that when propelling in smooth water, nnin- 
fluenced by wind or current, the screw had a very decided 
anperiority of 31^ per centum, which increased when propelhng 
with a turbuleot sea and strong gale on the quarter to 31 per 
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centum, and whicli rose wlien propelling against a turlinlent sea 
and strong gale on tho bow, to C3 per ceiitnm. Making the 
comparison by weight of fuel consumeJ, the efficiency of the 
screw and paddle-wheel propelling in smooth water, uniuBuenced 
by wind or riirront, was equal ; when propelling with a tnrhn- 
lent sea and strong gala oa the quarter, the efiieiency of the 
screw was C per centum more than that of tho paddle-wheel ; 
while when propelling against the same turbulent sea and 
strong gale oa the bow, this saperiority rose lo SStV pei' 
centum. 

When propelling in strong winds, the paddle-boses acted like 
a spread sail, diminishing the resistance of the vessel and the 
Blip of the paildlcs when propelling with the wind, niid increasing 
the resistance of the vessel and the slip of tho paddles when pro- 
pelling against the wind. Under the same conditions of -wind, 
the slip of the paddles was decreased when going before it in 
about the same degree as the slip was increased when going 
against it. 

It has already been stated that the power expended by the 
immersed surface of the hull in overcoming the cohesion of the 
water, was, for a speed of 1 geographical miles per hour, 55.97 
horses, which was 68J per centum of the 82.00 horses power 
required to propel the simple vessel. 



I Fcrformaiice nf Ih paddk-w/ieel vessel "McLanc" at sea. 

The annexed table contains all that ia estant of the steam 
log of the paddle-wheel vessel " MoLike," showing the per- 
formance at sea imder the conditions of ordinary service. 
During this steaming, the paddle-wheel was 16 feet 5 inches dia- 
meter, from outside to outside of paddles, which were of the same 
number and dimensions as before given. The steam was cut off 
at half stroke. The fan blast, for giving the boilers an artificial 
draught, required, in order to toaiutaia the steam, to be con- 
stantly and violently driven. 
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The general results of the performance at sea a 
in the following summary. The horses power required to pro- 
pel the Bimple Teasel is calculated from what is required to pro- 
pel the same in smooth water, uninflueuced bywind or current, 
modified in the direct ratio of the slip of the centre of pressure 
of the paddles, and m the ratio of the cube ot the vessel's 
speed. Prom this power, the entire gross horses power em- 
ployed in propelling the vessel is derived in the same manner as 
hereinbefore described for the comparative experiments with the 
screw ve^el " Spencer." 
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§ Further Experiments with tht screw vessel " Spencer." 

On May 21st, 18i5, the speed of the " Spencer" was accu- 
rately ascertained by running the distance between Chester and 
Marcus Hook, 3.6T statute miles, of 5,230 feet, in the Delaware 
Kiver, three times in eacli direction, making six runs in all. 
The throttle was carried wide open, and the steam cut off at 
half stroke. Tiie following are the mean results, which, it will 
be perceived, clo not differ sensibly from those obtained under 
similar conditions of smooth water, nninflueneed by wind or car- 
rent, during the comparative trials with paddle-wheel steamer 
" McLane ;" the difference in tte slip of the screw in the two 
cases is less than one per centnm. 

Steam pressure in boiler, in pounds, per square 

inch above atmosphere, 55. 

Speed of the vessel per hour, in geographical 

miles, of S,086 feet, '^-021 

Number of double strokes of engines' pistons made 
per minute, 40.5 

Number of revolutions made by the screw per 

minute, 50.625 

Mean pitch of the acting surface of the screw, in 
feet, in function of the square of the velocity 
of that surface, circumferentially, 16.9 

Slip of the screw in per ceutura of its speed,. ... 16.69 

Pitch of the screw in feet, having the same longi- 
tudinal speed as the vessel H.l 

Acting helicoidal ai-ea of the two screws in 

square feet, 60,4 

Acting projected area on a plane at right angles 

to axis of the two screws, in square feet 44,1 

Distance in feet and inches^ of the axis of the 

screw below the surface of the water 4ft. Ijin. 

Gross mean effective pressure on pistons in pounds 

per square inch, 20.43 

Gross horses power developed by the engines, . . 136,12 
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After making the above runs, tbe espenraent was continued 
by Eteaiiiiiig dowa the Delaware Bay to the Breakwater, a dis- 
tance from Newcastle of 69,1T statute miles; smootii water 
and calva. Throttle wide 0]jen, aad steam cut off at half stroke. 
The following are the mean results, viz.: 

Steam pressure in boilers in pounds per square 

inch above tlie atraospiiere, 49 

Total distance ran through the water in statute 

miles, of 5,280 feet, ge.!-) 

Total time of ranning the total distance through 

the water, in hours and minutes, 1h. 21m. 

Speed of the vessel per hour, in geographical 

miles, of 6,080 feet, I.^Oe 

Number of double strokes of engines' pistons made 

per minute, 4i.i5 

Number of revolutions made hj the screw per 

niinnte 55,51 

Mean pitch of the acting surface of the screw, in 

feet, in function of the square of the velocity 

of that surface, eircumferentially, 16,9 

Slip of the screw in per centum of its speed, 16. tT 

Pitch of the screw, in feet, having the same longi- 
tudinal speed as that of the vessel, 14.1 

Acting helicoidal area of the two screws, in 

square feet, co_4 

Acting projected area on a plane at right angles 

to sxis of the two screws in square fecfc, 44,1 

Mean gross effective pressure on pistons, in 

pounds, per square inch, 24. 

Gross horses power developed by the engines, . . . 175. i9 
Pounds of Anthracite coal consumed per hour 

with a strongly driven fan blast, 1,210 

The last experiment was a run at sea, from Cape Henlopen, 
Delaware Bay, to Sandy Hook, New Yorlc Bay, being in con- 
tinuation of the two preceding trials. This run was made 
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against a head sea and a freali wind sharp on the bow, its direc- 
tion being from N.E. No sail set. The following are the 
mean results, viz.; 

Steam pressure in builcr in ponnds per sqnnre 

inch aboye atmosphere, 45 

Total distance ron tbrougli the water ia statute 

miles of 5,280 feet, 142 

Total time, in hours and minutes, of running tJie 

total distance through the water, igh. Om. 

Speed of the vessel per hoar in geographical 

miles of 6,036 feet, 0,484 

Number of double strokes of engines' pistons 

made per minute, 45.11 

Knmber of revolutions of the screw made per 

minute, 56.39 

Mean pitch of the acting surface of the screw, in 

feet, in function of the square of the velocity 

of that snrface, circumferentially, 16.6 

Slip of the screw ia per centum of its speed, . , . 29.14 
Pitch of the screw, in feet, having the same longi- 
tudinal speed as that of the vessel, 11.7 

Acting helicoidal area of the two screws, in 

square feet, 71.1 

Acting projected area on a plaue at right angles 

to asis of the two screwSj in square feet, .... 51.5 
Mean gross effective pressure on pistons in 

ponnds, per square inch, 27.43 " 

Gross horses power developed by the engines, . . 203,59 
Pounds of Anthracite coal consumed per hour, 

with a strongly driven fan blast, 1,286. 

I am of opinion that, daring the preceding trials, the boiler 
pressurSJ cut-oilj and throttle, cannot be depended on. The 
gross mean pressure on the pistons, and gross horses power de- 
veloped by the engines, have therefore beeo calculated in the 
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same manner, and on the samo data as employed in the table 
Gontalniiig the Rectified Results of the Comparative Trials with 
the paddle-wheel vessel " McLajie," 



§ Extracts from a Report by Captain A. V. Fraser. 

The following extracts from Reports by Captain A. T. Fba- 
EB U S Epvenue Marine who conducted the foregoing expert- 
m t wllh t t th t 

F h t I 1 f h la [' Sfencek ' and 

"ML ]Im fmd yf opinion, that they 

li t ffi b by 8 10 f t t enable tbem to per- 

f m (3 t I t d by the late Secretary of 

th T y M S d th t th principal reliance 

m t b pi d I t m Ih n allowing the pro- 

j t t th pi f P P 1 (L t nt HtTNTER, TJ. S 

Ifyf h Imgdhlth Spencek ' and ' Mc- 

L II J b It) t t 1 th model of the hnll ; 

and for any defect in the sailing qualities he alone is account- 
ahle. 

" The coal procured at Philadelphia [for the last experiment] 
contained a very large proportion of slate, which foaled the fur- 
naces very rapidly, making It neeessory very frequently to iet 
the fires run down — the contracted space for the engine room 
rendering it impossible to remain below after the fires are raked 
out, or until the cinders are partially, cooled. 

" Some 50 feet in the body of the vessel is occupied by 
machinery ; and, notwithstanding that a current of air is 
forced into the engine room by a blower placed in the hatch- 
way, thft thermometer frequently ranges from 130° to 130' 
Fahrenheit. 

" Under, the present arrangement [of machiaery] but sjj days' 
fuel can be carried, and the principal part of that quantity 
above the water line. 

" The total cost of the ' Spencer ' — including the alteration 
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from the Hunter submerged wheel to the Loper screw system of 
propulaiou — from April, 1843, when commenced, up to Decem- 
ber, 1846, was $105,013 10. 

" The armament of the ' Spencer' coosisted of four iron 12- 
pounders, and one long,*pivot, 18-pouQder, one brass 9-pounder, 
and one brass 12-pouQder " 
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PREFACE. 



The flatterii^ reception of the first volume of the " Preeedeots," has en- 
couraged the Pubhsher to issue a second contwning more matter and bel^ 
ter illustrated The contenta conaist of several papers relating chiefly to 
Boileis an5 Fuel, thoi^h incidental subjects are treated as thej arise in 
!»atuial counexion Before proceeding to a separate enumeration of these 
papirs, a few prelatory words in explanation may not be out of place. 

With the exception of the last two — which are on the TJ. 8. Steam- 
ships " Niagara," and " Massachusetts" — they are accounts of experi- 
ments ordered by the U. 8. Navy Department, and made hy Boards of 
Nayal Engineers of which the writer was a member. The ofEcial reports 
were as brief as was consistent with such description of the methods em- 
ployed as was necessary to inspire confidence in the results ; hut for per- 
manent records and the satisfaction of ptraons unconnected with the De- 
partment, it is requisite that the accoraits be full to the minutest detail, 
— the fiiller this better, perhaps even to prolixity ; — iu fiict the value of 
such recoriJs mainly depends on their circmnstantial comprehensiveness, 
for although the reader must indeed credit the integrity of ihs experi- 
menters, yet it is not necessary that their ability he also lalien on trust 
or their conclusions accepted witJiout scrutiny : they ipi^t therefore be ac- 
companied by a complete exposition of the observations on which they 
were based, and of the inductive processes by which they were deduced, 
in order that the reader may clearly comprehend the one and judge of the 
soundness of the other, Furthermore, there occur incidentally in all ex- 
perimental inquiries facts illustrating other results than those directly 
view, hut which, though interesting in themaclves, are omitted in 
reports because not pertinent to the questions at issue. Now as 
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formation famished by these esperimentK is believed bj the writer to 
poEsess too mucli Talne for bnrial ia the archives of the Navy Depart- 
ment, and as be had preserved full notca of them, he has re-written these 
Teporta in a more coovenieDt form for reference, adding whatever had 
from any cause been omitted, and illustrating them bj the necc^ary 
drawings. In Uiis rcviaiou he has had the benefit in many cases of addi- 
tional light thrown on the same subjecla by after experiments ; and in 
all of them the original notes have been carefiilly recollated and the cal- 
culations corrected of a few slight errors that had accidentally crept in. 
It will be difficult to make the reader believe how very few complete 
records of reliable experiments of the nature of thoso deacibcd in this 
volume are to be found in print, but let him make the search, and al- 
though he will find statements of results and assertions of facts in abun- 
dance and in every degree of inconsistency and contradiction, he will not 
be oppressed with full descriptions of the ajpa ata. mpl v 1 fh n an 
ner of conducting the ezperunenta, and th n n h h th n 

elusions depend. He must take all or rej t 11 n th m auth ty 
of the esperimenters who have not then ht p ope to loi ah he e 
dence that produced theh" own conviction Su h expe un nt a e n f 
ifeet always rejected and properly so, for we are nafu ally n rednl a of 
the opinions of others and feel instinctively that th same fa t a d 
iog to surrounding circumstances admit of y d ffe nt nt rp tat ns 
we must then be furnished with a description of these circumstances that 
omits nothing, and it will be found that results are relied on just in pro- 
portion to 'the care and ability that have been exercised in arrivmg at 
them as exhibited in a full account of the processes employed. Some 
people subatitnte the imagination for the senses and jump at conclosions; 
others are not able to discover the various links of the chain connecting 
causes with effects, but kboriously draw from indisputable facts the 
most inconsequential conclusions. Now the true significance of a fact 
can only be obt^ed by coupling with it all the accessory facts and cor. 
rectly estimating their influence ; whether this has been done properly 
can only be judged by the reader from the account detailed, hence the 
neeesnty that it be above all things compld^-nothiag omitted, and in 
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tMs respect the present TOlume will not be found with many oompaQions 
on the shelves of the practical engineer, whatever lie its value in others ; 
and aa tbe right interpretation of facta constitutes all real knowledge 
any addition to the means of making it must possess value. 

The 6rat paper describes the experiments made at the New York 
Navy Yard to determine the comparative evaporative efSoiencies, etc., 
of the hard or true anthracite, the Trevorton semi-anthracite, and the 
Cnmberiand semi-bituminous coals ; the three kinds in geneial use for 
steam vessel and land engines on the Atlantic coast of the United 
States, ■ These are the only rigorously compai-ative anJ reliable esperi- 
menfa ever made for this purpose, and f hey were extended over a length 
of tnne and with the consumption of a weight of coal snfBcient to neu- 
tralize errors and secure accuracy iu the results. The experiments also de- 
termine the gain in evaporative effect to be obtained by simply perforat- 
ing tbe ordinary furnace door with small holes to admit air above the 
solid fuel. The importance of these experiments can scarcely be exag- 
gerated when tbe immense amount of these coals consumed in generating 
steam is considered ; and they have the recommendatJOD of having been 
made on a sufficiently large scale and under tbe ordinary conditions of 
use to give really practical results, so called in contradistinction to la- 
boratory trials. 

Tbe second paper is a sequel to the first, but the experiments detailed 
in it were made solely with a view to determine the ^radical gain due to 
the us6 of steam very espansivcly over its use without expansion. In 
the discussion of the results, the causes of tho enormous discrepancy be- 
tween the gain as realized and as indicated by the theory of expansion 
are pointed out, and their numerical values given for the particular case 
of the experiment At the present time when the mania for Patent 
Cut-offs is so prevalent, especially in the United States, and when cer- 
tificates abound upon certificates of savings of fuel of from 25 to 50 per 
centum obtained by one patent Out-off over a rival cutting-off at exact- 
ly the same point, and when the most exaggerated nonsense respecting 
the possible gain by slight vai'iations of such contrivances is proclaimed 
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by interested eellers and believed in by dnped buyers, it is hoped for tLe 
sake of the latter £ind of truth, that the clear, indisputable, experimental 
foots may arrest attention and produce conviction, especially when ac- 
companied by an exposition of the causes that restrict the gain by es- 
paraion to very narrow limits, even under favorable conditions, and that 
reduce to nothing the effects of very considerable variationB in the meas- 
ure employed. This is an important point ; the simplification of steam 
engines — marine ones particularly— ia of the first consequence to success 
and cheapness, and if it can be shown that complicated, variable expan- 
sion gear with a wide range and the ability to culnjff very short, does 
not economise fiiel moro than simple, fixed kinds, eutting-off longer and 
attached to smaller cylinders doing' the same work with the power gradu- 
ated by the throttle, (hen a great step will have been taken in the right 
direction. The wide difference between mechanical ingenuity and me- 
chanical judgment has never received a more striking illustration than in 
the numerous variable expansion gear patented in the United States. 

The third paper contains an account of the experiments made with 
the Prosser boiler, which though not a practicable one for general use, 
has nevertheless much merit of design for the accomplishment of the ob- 
jects aimed at. The evaporating surfaces of this boiler are vertical and 
tubular, and although the products of combustion enter at once from the 
furnace into the tubes without passing through any mixing or combus- 
tion chamber, and although they are not broken up or mixed in the 
tubes but rise vertically and with unobstructed speed into the chimney, 
yet their escellent evaporation demonstrates not only the fact of the 
complete combustion of the fuel in the small time and space infervennig 
between the grate and lumace crown bnt also the advantage of the ver- 
tical arrangement of the ciapontmg siufaces as regards the rapid and 
easy extrication of thi, steam bubbles and the general vigor and regular- 
ity of the steam and nater cuirents bjth of which being in the same 
vertical direction offti no miped ment to each other. In the experi- 
ments with this boiler the evaporation was— and for the first time to the 
knowledge of the writer — measured s niultaneonsly by the Indicator and 
by the Tank, and the result is veiy instru tive It thows condusively 
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the great oondeii-ation that tikes place in steam cjlindera under the 
most favorable circumstancen as in the present case where the steam was 
superheated 30" Fihi hefore entei'ing the cylinder and whefe the pro- 
portion of steam romn m the boiler to the capacity of the cylinder was 
BO great as to preolnde all possibility of priming. The results of fliese 
esperunenta with a type and proportions of boiler so unusual, are confl-' 
dently recommended as well wortliy the close attention of the Engineer. 
The boiler itself has been successfully employed for Steam Fire Engines 
for which it is admirably adapteil from its lightness, strength, and little 
bulk especially on the ground plan. The small quantity too of water 
that it contains, is for this purpose the highest recommendation, because 
it permits steam to be raised in a few minutes from the lighting of the 
fire. It is proper to add that this boiler is claimed as tieir inyentioa by 
Messrs. Lee and Lakned, the manufacturers of th^e engines. 

The fourth paper contains an account of an experhneut made to deter- 
mine the economic evaporation of the boiler patented by the Messrs. El- 
lis. This kbd of boiler may in some cases be pretferred to the usual ar- 
rangement with horizontal fire tubes when for a small boiler a cheap 
shell is required to withstand a high pressure. It is also usefel to know 
what evaporation aud strength of draught could be obtained with tubes 
of such uuua iillj ^reat length n pioportion to their diameter. 

The fifth papr-i contains the reeo Is of a set of comparative esperi- 
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and in the les3 priming ; in fact in al! tlie eharactewBtioa of a first rate 
boiler. A more vmesceptionable experiment coidd not possibly bs made; 
tlie time w^ sufSoient ; tlie engines and fJl appurtenances were the same; 
the conditions were exactly those of ordinary practice on board marine 
steamers ; and tie boilers were of the first class in size ; while the slow- 
ness of the combiiistion and the cleanness of the evaporating snrfacea made 
the result a masiraum for the horizontal fire-tiibes to be continually re- 
duced with use by the constantly accumulating thickness of scale impos- 
sible to prevent and almost impossible to remove. "With the vertical 
water-tubes, the results obtained were an average that can be permanent- 
ly sustained during tie life of the boiler owing to the complete and easy 
manner in which they can be freed from scale : a proof of this assertion 
will be found in the nest paper in the average evaporation per pound of 
combustible given by the boilers of the U. S. S. "NiiOAitA" during her 
whole cruising. These boilers were of the same type and nearly of the 
same proportion as the vertical watei>tube boiler of the U. 8. S. " Sah 
jACrNTO." It is believed that these esperimenta are the most important 
ever macle on the subject of boilers ; they eshibit on a large scale the 
best arrangement of the two best types practicable with marine steamers 
aud indisputably determine their relative value, 

The sixth paper contains the dimensions of the Hull and Machinery 
of the "U. S. Steam Sloop-of-war " Niaqaba," and a digest of her per- 
formance a3>recorded in the Ste^m Log The reader will appre ate the 
difference between such a performince and the delusive one of a t al tr p 
of a measured mile duration The leaults with this vciselare nt rctng 
on aooount of her gieat '.ize excessively skirp model and altogether 
different ensemble to what is habituil with wai -teamirs A j o nt t 
great value is the proof affjrdcd by her aietage steaming of the h gh 
economic evaporation to be peimanently ohtamid fiom vertical water- 
tube boilers. In this respect rt will be scin that the mean evaporation 
by the " Niaoaka's boileis for all the steaming done is, per pound of 
combustible, almost precisely the same as ^ven by the experiments with 
the same Irind of boiler on board the U. S. Screw Frigate "San 
Jacinto." 
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The seventh and last paper contama a description of the Hall and Ma- 
chinery of the U. S. Steamship " MaaaACEUSBTTB," and a d t f h 
performance as recorded in fie Steam Log'. She was a, v If full 
model carried up high out of water, irad propelled by a pui ly a is 1 a 7 
power which lilie all other applications of Email power to I es la 

proved very unsatisfactory, though by no means useless, as fo nany j 
poses she was very efficient and economical. In addition to the en nee 
ing precedent fnraished by the dei»lopmcnt of the power th ongh si h 
machinery on such a hull, the " Mas3aohusett3" is worthy of e d on 
account of the peculiarity of the hoisting gear of her screw, a g a that 
may under many circumstances be Jndiciously imitated to the x la on of 
the Well and hoisting through the deck system. Theospcrim t t o 
the Drag of her Screw, are the only detaded and lehable ones with n hich 
the writer is acquainted, and they are on a point that ought to he well 
determined. 

Before clo^mg, a few words may be neces^aiy in explanation ot the 
" DistributioQ of the Power " Jmade in analynng the peiformance of the 
two ecrpw steamers given in this volume In some inticisms on this 
method of distiibuting the power in the case of the screw steamer 
peiformance contained in the preceding volume, although the correctness 
of the distribution itself was not impugned, yet an explanation was asted 

05 to how the pressure required to work the engine per se was obtained ; 
and how the value of the cohesive resistance of the water to separation by 
one square foot of cast metallic helieoidal surface moving in its helical 
path with a velocity of 10 feet per second, was known to be 0.45 pound. 

As regards the first, it is impossible to have any other than the general 
result of Indicator diagrams taken from engines when disconnected from 
their load and rnnnbg in their normal state. It has been found that 
when properly taken with a good Indicator,~and it should be an excel- 
lent one because the pressure per square inch required for this purpose 
is so small, that a slight imperfection in the instrument may easily double 
itr-the pressure required to work medium siaed engines, say of from 4 to 

6 feet diameter of cylinder, is about l^ pound per square inch of piston, 
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decreaaug aa they become larger and increasing aa they become Braaller, 
It is quite useless, howevel', to aflect exactneaa in this matter for the 
conditions do cot admit it. The friotioa resistance of the game engmc 
Tariea at dilftrent times with the tightness of ita packings, the smooth- 
neaa of its nibbiug surfaces, the accuracy of its lining up, the closenesa 
of its keying up, &c. Ac; even the quality of the oil used ia pThaira 
the most influential condition of all, cot to mention the more or less 
completeness of the lubrication itselfi With different engines there ia 
furthermore the difference of friction on the crank-pin due to the differ- 
ence in the ratio of the leverage of the power to the load ; and on the 
numerous guides, pillow-bloc^ pics, and rock^hafts, due to the difference 
of the aoglea of the Tarious links and connecting rods. Fortunately, 
however, for our purpoae these differences at the widest, either for dif- 
ference in the type of engine or ia the conditions of the same engine, 
are comprised within very narrow limits ; while the Bmallncas of thi' 
pressure required to work the engine per se even at a maximum, in com- 
parison with the gross mean effective preaaure on the piaton, makes a 
large error in it too insignificant to practically affect the result. It is 
indeed possible to so pack and key up an eugice that a boiler pressure of 
26 poundsper square inch would fail to move it, aa the writer has wit- 
nessed ; but it is underatood that the average workmg conditions of pack- 
ing and keying-up, tied of lubrication, are above intended and not ex- 
treme casra, — the practical every day probabilities and not possibilities. 
The writer has, hunaelf, made many experiments on the pressure required 
to work engines yer se, and has found in general, that with marine, con- 
densing engines the pr^anre required f o work thera diaconnccted from 
the load wra, for cylindera of 2 feet diametir 3 pounds per square inch of 
piston decreasing aa the diameter increased until it became 1 J^ pound for 
cylinders of 6 feet diameter. In many trials during a three years cruise 
in the U. S. Steam Frigate " San Jacinto," the pressure required to 
work her geared engmes was fmind to vary at different and wide inter- 
vals of time from 1% to \% pound per square inch of pistona, the dif- 
ference of % pound was quite insignificant compared with tie gross 
mean effective pressure of which it formed a portion. It is believed, 
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then, that any error arising from the assumed pressure required to work 
the engines in any given case, is too small to afifect the practical re- 
sult ; and it mnst not bo forgotten that this pressure though assumed for 
any particular case is the experimental mean of a wide gcneralizalJon . 

The ftiction of the engine itself, as ahove described, must be carefully 
separated from that other friction which the wi'iter terms " of the load ;" 
the two are very different, as will appear if we consider that as with the 
same engine the load may vary from nothing to the maximum, its friction 
t of it ; while, on 



m the same with all loads, 

leoa t is due purely to the re- 

ti If The friction of the load 

the moving parts of the 

e of the load ; it is tahen 

t cal verage from the esperi- 



will vary w th t 1 g ft 
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then is th t dd t I f t p od eed I 
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menta of M Ty 1 d f ir^ derstood the a 

of aU resistances to the movement of the piston, excepting the resistance 

of the engine per se. 

The cohesive resistance opposed hy the water to the passage of the 
heUcoidal sur&ee of the screw, moving in its helical path it the spi'ed of 
10 feet per second, is taken at 0.45 pound per sqnire foot of that sur- 
faec. This value is the mean of a collation of all the e\penmeGt3 1 have 
been able to find from which the surface resistance of =ohds ma\ ing throngh 
water, or vice versa, conld be deduced. The speed of 10 feet per second 
is selected for the standard amply on account of the lacihty it afturds in 
calculation. It is impossible, for want of space, to here give the discus- 
sions of the experiments refeiTCd to, as they would occupy half the 
prraent volume, but they will be found in extenso in a work on the Screw 
Fropeller that the writer proposes to publish as soon as his daily avoca- 
tions permit. The kws of this cohesive resistance of the water to the 
passage of a physical superades, have been clearly shown by reasoning, 
and confirmed by experiment, to be Independrat of pressure, to be in the 
direct ratio of the snrfeoe, and in the ratio of the square of the velocity. 
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XIT FEEFAOE. 

In tlio case of tie screw the Lelical velocity will vary at every point 
radially of tlie surface, iucreasiDg from the hub to ihe periphery, yet the 
calculation of the coheaire rcaistance of the water to the entire surface is 
by no means diEBcnlt, and can be done exactly by common arithmetic. 
To this resistance the term " friction of the screw surface on the water " 
has been frequently bnt improperly applied, as tliers ia in fact no such 

In tie " Distribution of the Power " we commence with tlie gross 
Indicated horsea power developed by the engine, and from it we first de- 
duct the power required to work the engine per se, ag it ia evident that 
tho romaiuder only is the net power applied to the shaft and erjuilibiating 
the load. Next, there must be successively deducted from the net 
power tlie powers absorbed by the friction of tlie load and by the co- 
hesive resistance of the water to the passage of the screw ; for nntil 
these resistances as well as the friction resistance of the engine per se, 
are overcome, there ca,u be no transmission of power to the watery 
fulcrum. Finally, the remainder of the power, that is the portion trans- 
mitted to the water, ia distributed between the forward propulsion of 
the vessel, and that bachward recession of the watery fulwum to which 
the term " slip of the screw " ia applied, and in direct proportion f o the 
speeds of the two aa an obvious consequence of the equality of pressure 
jposite directions. 



In conclusion, it may not be ill-timed to here remind the reader that 
all physical measurements are necessarily inexact ; not even in the 
laboratory experunents of the chemist, or in the guaided observations of 
the astronomer, are the results preci.se , there is always a more or less 
probable error, to be diminished indeed by mcreaaing the number of 
trials and tailing thea mean on the ground of the correction of errors, 
but never to be wholly eradicated, There is, however, a wide diffei-ence 
between a reasonably close approximation having for practical pnrpnsei 
all the value of a precise determination, and no Lnowledga at all in the 
premises; and unless we know the distribution of the gross power ap- 
plied, how are we to improve the aj.phcation ' The final result of the 
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speed of the veasei compared with the grOES Indicated horaes-power pro- 
ducing it, ig influenced by the abaolute size of the vessBl, the form of its 
immersed solid, the portion of tlie gross power ahsorbed ia worliiiig the 
organs of the engine, aud lost in mal-application by the propelHng instru- 
ment; and rarely in any two cases ia the distribution aliiie,. or the per 
centum of the gross power which is apphed to the propulsion of the hall 
the same : bence, all attempts to solve the problem of steamship resistance 
by the groaa Indicated horaes power are absurd, for that power equilibrates 
many other and variable resistancca besides those of the hull per se. To 
approach thia question intelligibly we must know not the gross Indicated 
horses power developed by the engine, but the horaea power applied to 
the hull alone, and until that quantity is determined and employed as a 
controlling dement, al! forranlaa and equations, and discussions of Uie 
squares and cubes of velocity, of displacements and amidsbip sections , 
can be passed over aa mere futilities. 

The writer can assert without arrogance, that as regards its bearing 
on future improvement, no problem of more importance in marine steam 
engineering has ever been brought forward than that of the " Distribu- 
tion of the Power," aa set forth in the present and preceding volume. 
"When properly appreciated and correctly applied, it will point out not 
only the direction of aJvaneement, but its limit too. 
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Experiments made with the Smithery Engine and Boiler 
at the United States J^avy Yard, Mw York, to determine 
the Comparative Evaporative Efficiencies of the BlacK- 
HEATH Anthracite, the Teevohton SEMi-ANTHEACirB, 
and the Cumberland Semi-Bituminous Coal. 



Of the following esperimente to determine the compara- 
tive evaporative efficiencies of the Blackheath Anthracite, 
the THEvoHroN Semi-Anthracite, and the Cumdegland Sbhi- 
BiTUMiNoua coal; those with the Trevorton and the first set 
■with the Blackheath coal were made by the writer in con- 
junction with Chief Engineer J. W. King, U. S. K, by order 
of the Navy Department; the last set of esperiments with 
the Blackheath and those with the CumberlaDd coal were 
made by the writer alone. 

The Trevorton coal was furnished by the Trevorton coal 
company (on whose application the experiments had been 
ordered by the Navy Department) ; the Blackheath and Cum- 
berHand coals were from the regular contract supplies to the 
New York Navy Yard. The Blackheath and Trevorton coals 
were from Pennsylvania; the Cumberland was from Maryland. 

The only means at command for ascertaining the evapora- 
tion of the different coals, were one of tlie engines and boil- 
ers in daily use in the Navy Yard ; and those of the 
Smithery were selected because the work performed by the 
engine was very regular (driving blowing fans), varying 



Hosted by 



CmOo^^ 



4 BLACKHEATH ANTilBACIIE, TRBVORTOS S 

scarcely sonsiblj from day to day, and becduso the et«ain 
was used without expansion or condensition Before detail- 
ing the manner of making the expeiiments and r dciilating 
their results, it is proper to give the dimensions of the boiler, 
engine, and fans, which were as follow &, namely — 

Ifimensions of the _Boifer.— (Plate i.) 

The shell of the boiler, with the exception of the end occu- 
pied by the furnace, was cylindi-ical and 4 feet in diameter. 
The end occupied by the furnace was rectangular in plan and 
6 feet 3 inches in length by 4 feet in width, its top was a semi- 
cylindrical extenaion of the cylindrical part of the shell. The 
extreme length of the boiler was 24 feet. It was, with the 
exception of the front at the furnace end and the top of the 
steam chest, entirely cased in brick masonry. The fire grate 
was 3i feet wide and 5J feet long : during the experiments 
made December 23d, 24th, 27th, 28th, and 29th, it was com- 
posed of nineteen cast iron bars, each of which was IJ inch 
■wide, leaving a total air space of 6.19 square feet or 32 per 
centum of the furnace area. These bars were then removed 
and during the remaining experiments were replaced by forty- 
two others having each a width of | inch, and leaving a 
total air space of 9| square feet, or 50 per centum of the total 
furnace area; no appreciable effect resulted from the altera- 
tion. 

The flues were five in number, cylindrical and 12 inches in 
diameter; they were arranged within the cylindrical part of 
the shell in two rows vertically. The firat or upper row con- 
sisted of three flues extending 16J feet from the furnace to 
the first smote connection; thence the second row — lying be- 
neath the first — extended 14^ feet directly back to the second 
smoke connection, which was placed immediately behind the 
furnace and below the first row of flues. The heated gases 
thus proceeded from the furnace through the first row of three 
flues to the first smoke connection, and thence returned in an 
exactly opposite direction through the second row of two flues 
to the second smoke connection, from which they descended 
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into one large flue whose top was the bottom of the cylindri- 
cal pai't of the shell, and whose sides and bottom were com- 
posed of the brick masonry. In this flue the gases proceeded 
along the bottom of the boiler in their first direction llj feet 
and then debouched into the chimney at a point 4 feet be- 
fore the end of the boiler waa reached. By this arrangement 
the heated gases descended from row to row of flues until 
they passed into the chimney; and, of course, their highest 
temperature was applied near the surface of the water, and 
their lowest temperature near the bottom where the feed water 
entered. The total length traversed by the heated gases from 
the furnace to the chimney, was 45J feet, in the course of 
which they passed through two smoke connections, where 
they had the opportunity of being mixed before proceeding 
farther. The water was carried 4 inches above the top of the 
furnace, which top was on the same level with the top of the 
first row of flues. The steam was taken from the top of the 
ateani chest 5 feet 11 inches above the water level, and was 
conducted to the cylinder through a pipe B^ inches internal 
diameter and 50 feet in length, made of | icch thick wrought 
iron. This pipe rose vertically 6 feet and was then carried 
horizontally to a point 9 feet above the valve chest into which 
it descended vertically. In its length there were five right 
angled elbows, and both it aud the cylinder were uncovered. 
The ash pit opening in front was 15 inches in height, giving 
an air area of 4.4 square feet. 

The following are the remaining principal dimensions, 
namely; — 

Area of Sre grate ID, 25 Kc[uarefoeL 

HeatiEg surface in furnace 41.10 Bqu'irefeet. 

Heating eurfece in firat smoke con- 

nectioa 20.35 " 

Heating surface la second emoke 

connection 8.50 " " 

Healing enrfaeeinljoiler bottom.. 62.80 " " 

Heating Burftice in the five flues... 246,70 " -' 

Total healing sarfoce in the boiler. 379.45 " '• 

Cross ai'ea of the first row of flues. 2.3562 " " 
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Cross area of the eecoad row of 

Sixes. 1.5708 aquai'e feet. 

Cross areft of tho flue under tbe 

bottom of the boiler 5.7778 

Height of the chimney above the 

grates ^0 f'^«'- 

Rntio of the heating to the grate 

Eurfaoe l^-'l^ to 1,000. 

Batio of the grate surfiice to the 

eroBBareaofthenrstrowoffluM. 8,170 " " 

Ratio of the grate surfnoe to the 

cross area of the second row of 

flues 12,255" " 

Steam room in the boiler 62 cubic feet. 

Steam room ia the steam pipe and 

valve chest * " '' 

Total steam room «« cubic feet. 

Weight of water under standard 

conflitionsin the boiler at i inoh- 

68 above top of furnace "500 pounds. 

The cross area of the flue under the bottom of the boiler 
was made large enough for a man to enter, As regards the 
proportions of the boiler it may be remarked, that the ratio 
of the heating to the grate surface was much smaller than is 
usual in this type; particularly when intended to burn as 
much as 14 pounds of coal per square foot of grate per hour. 
The ratio of the grate surface to the cross area of the flues 
was much larger than is usually given, or in other words, the 
calorimeter was much smaller than the usual practice. Both 
variations from the habitual standard were against obtaining 
a good economic evaporation from the fuel consumed. 

^Dimensions of the Engine. 

One non-condensing engine with horizontal cylinder work- 
ing upon a shaft carrying a large cast-iron wheel, which 
served both as a fly wheel and a drum from which to drive 
the fan blowers by belts. The steam valves were a short slide 
at each end of the cylinder, connected by a bar. The cut-off 
valves, one at each ead of the cylinder, were two plates con- 
nected by a rod and sliding upon the same seat with the steam 
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valves. The two steam valves moved between the two cut- 
off valves and worked them after tho manner of a tappet, 
the distance between the inner edges of the cut-off plates 
being greater than tiie distance between the outer edges of 
the steam valves. The cutroff plates were attached to their 
connecting rod by right and left hand screws; the rod pro- 
truded through one end of the valve cheet and could be 
turned by a handle so as to make the cutoff adjustable by 
bringing the plates nearer together or removing thorn farther 
apart. In the steam pipe there were two throttles; one, situ- 
ated 9 inches above the top of the valve chest, was gradu- 
ated by the governor; the other, situated 15 inches above 
the valve chest, was graduated by the hand at will. During 
the experiments the former was in action but the latter was 
kept wide open. The cut-off was not used and tho steam 
(greatly throttled) from the boiler followed the piston during 
its whole stroke. The following are the principal dimensions 
of the cylinder, namely: — 

Diameter of tho cylinder 18 inches. 

Sti'oke of the piston 4 feet. 

Space displacement of the piston per stroke. T.068 cubic ft. 
Steam space at one end of cylinder between 

piston at end of stroke and steam valve. .. .0.259 " 

Area of tlie steam port. (J^ by 12 inches).. 31 sq. inches. 
Area of the exhaust port. (2^ by 12 inches). 30 " 

Clearance at each end of cylinder |ths inch. 

To the engine there is attached a heater by means of which 
tho exhaust steam is made to raise the temperature of the feed 
water about 100" Fahr. before it enters the boiler. 



IHmenmons of the JFan Mlowers, 

The engine drives four fan blowers which furnish a 






abundance of air for the forges of the large smithery. 
the fans are geared to make e66| revolutions 'per double 
stroke of engine piston, and they have the following dimeu- 
sions, namely; — 
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Diameter over blades 

Length of blade, radially.,.. 

Width of Hade at base 

Width of blade at periphery. . 

Number of blades 

Diameter of inlet 

Width of outlet 

Height of outlet 

Area of outlet 

The blades are slightly curved. 



13-^ inches. 



JfKanner of JfSfiking the Experimenis. 

During the experiments the boiler was operated in the 
usual manner to furnish the regular supply of steam. It was 
so large for the work that the fire required no forcing, and but 
few cinders were made. In the morning, the furnace having 
been well cleaned out, the temperature of the water in the 
boiler was noted, and a sufficient quantity of dry pine 
wood to kindle weighed out and lighted. The fire was al- 
lowed to nearly burn out just as the day's work w^as fin- 
ished; the temperature of the water in the boiler was then 
ascertained from the steam pressure, and the w^aste from 
the coal in ashes and fine coal weighed. With the Cum- 
berland semi-bituminous coal a small banked fire and steam 
in the boiler was generally kept during the night, in which 
case no wood was required for kindling. The coal was 
weighed out from time to time during the day, and very 
regularly fired by an experienced fireman. All the weighing 
was done with the samo scales, and in the same box, which 
measured 25 J by 11^ by 12 inches, giving a capacity of 3,069 
cubic feet. The weight per cubic foot of the coals and their 
ashes hereinafter given, is the mean of many trials with this 
bos levelled off. All the coals were screened, but not other- 
wise picked, and the lumps were about the size of a man's 
fist. The temperature of the air enteiin]:; the a'ih pit was 
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noted ; and also the temperature of the feed water, which for 
this purpose was drawn from a cock in the pipe a few inches 
before entering the boiler. The stoam pressure was shown 
by an Ashcroft guage ; and tlie number of double strokes made 
by the engine piston was taken by a counter. The engine, 
though fitted with an adjustable cutoff valve, had never been 
worked with expansion ; the cut-off plates being always 
run back to allow the steam to follow the piston full stroke ; 
this was also the case during the experiments. A very ex- 
cellent indicator was attached to the engine, and connected 
by a large pipe with each end of the cylinder. During the 
experJDients diagrams were constantly taken from which the 
evaporation was calculated. A complete set of observations 
was noted every fifteen minutes. 

In order to determine if any increased effect would follow 
the admission of air into the furnace through apertures in the 
door, the experiments were made both with and without 
them. The door was constructed in the usual manner of cast 
iron, with a J inch thick wrought-iron lining to prevent the 
heat of the fuel from impinging upon it. This lining was a 
flat plate with a IJ inch space between its periphery and the 
periphery of the door. The door was pierced over its whole 
surface and at regular spaces with sixty holes, each of ^ inch 
diameter, giving an aggregate area of 11.118 square inches. 
The lining was similarly pierced with one hundred and sixty- 
eight holes, each of J inch diameter, giving an aggregate area 
of 8,233 square inches ; in addition to wliich there was the 
area of the 1^ inch wide space by the length of the periphery 
of the lining which separated it from the door. The aper- 
tures when not in use were closed with fire-clay. 

Attempts were made to obtain the temperature of the heated 
gases as ticy entered the chimney ; this could not be effected 
exactly, as it was above 580" Fahr., the range of our mercu- 
rial themometer ; but a loose roll of sheet lead which was 
placed at the mouth of the fluo, supported on a fire-brick, was 
completely melted. Zinc, however, similarly placed, did not 
show the least trace of fusion, not even on the shai-p fractured 
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edges. The melting point of lead as given by Pouillet, Ir- 
vine, and Gdtton Moeyeau, is respectively 608°, 590°, and 
592° Falir.; mean 691° Falir. The melting point of zinc as 
given by Mdreay, Gdyton Mobveau, and Podillet, is respec- 
tively 100°, 105°, and 680° Fahr; mean 695° Fahr. The tem- 
perature of the heated gasea on entering the chimney was, 
therefore, between 597° and 695° Fahr.; we shall probably be 
near the truth if we take the mean of these two numbers, 
namely, 646° Fahv. 

An approximation towards the temperature of the furnace 
was obtained by placing a loose coil of fine copper wire on a 
fire-brick, and putting the latter into the middle of the fur- 
nace, upon the top of the coal. A full charge of fresh fuel 
having been just previously thrown on, the brick was put Id, 
and not withdrawn until the furnace required firing again. 
In this position the copper did not exhibit the slightest trace 
of fusing. The experiment was then repeated with the copper 
overhanging the brick and elevated about 2 inches above the 
level of the coal. In this position it remained some time 
intact, but finally the overhanging portion melted ofi^, leaving 
the part on the brick as unfused as before. The maximum 
temperature of the gases as they rose from the incandescent 
coal must, therefore, have been about the melting point of 
copper, while the average temperature of the furnace above 
the fuel must have been much less. The melting point of 
copper is, according to Pouillet, 1933° Fahr.; and we will 
assume this as the temperature of the heated gases in their 
nascent state :— then as the temperature of the water in the 
boiler averaged 318° Fahr., there remained for producing 
evaporation (1922—218=) 1644° Fahr.; and as the temper- 
ature at which the heated gaeee passed into the chimney was 
646° Fabr., the loss due to this cause was ^^fiili"^ 39^ 
per centum of the heat applicable to evaporation. 
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MPescription of the Eityperimental Coals. 

The Blackheath Coal is a true anthracite of the hsirdest 
and dryest variety. When struck it gives a clear ringing 
eouad , its cohesion is very great, and it breiika with a semi- 
conchoidal fiacturo exhibiting a brilliant jet of almost metal- 
lic lustie The following is its composition exclusive of ash 
and the water mechanically present in Its pores ; namely : — 

Carbon, 93.89. Hydrogen, 3.55. Oxygen, 3.56. 

The hygroscopic water is 2J per centum of the coal, and is 
very tenaciously retained. Specific gravity, 1.55. 

This coal kindles slowly, and llie very little flame it de- 
velops takes place only at the commencement of its combus- 
tion ; this flame, which is at first bluish, merges soon into a 
faint yellow and quickly disappears. In the furnace the lumps 
neither soften, nor swell, nor split into fragments, but re- 
tain their form, and consume slowly away by their surfaces. 
From its behavior during combustion, it was evideut tliat 
this coal did not contain a particle of bitumen ; its oxygen 
and part of its hydrogen existed probably combined in the 
proportions to form water, the remaining hydrogen being in 
solid combination with the carbon. 

The Thevoetom Coal is a semi-anthracite, hut does not con- 
tain any bitumen. In mechanical structure it is completoly 
opposed to the Blackheath anthracite ; it has no tendency to 
the conchoidal fracture, but is lamellar and everywhere 
fissured by fine joints or clefts of easy cleavage, which pre- 
sent either a dull or a shining black appearance according to 
the directions of the cross partings. The faces, too, are fre- 
quently striated. It breaks or crumbles very easily, and 
compared with the Blackheath coal has greatly less cohesion ; 
its weight per cubic foot in a merchantable state is also 
much less, the two in this respect being in the proportion of 
1.000 to 1.134 ; the hand, too, is much more soiled by contact 
with it. 

In the furnace the Trevorton coal kindles easily and the 
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lumps quickly divide and subdivide iuto email cuboidal frag- 
menta ; it burns witiiout smoke but with considerable yellow- 
ish carbonaceous flame, which continues during nearly the 
■whole combustion ; but the lumps retain their cuboidal form 
to the last and neither soften nor agglutinate nor intumcsce. 

The following are the proximate and organic analyses of 
this coal, as furnished by Professor James E. Ohiltok, They 
were mnde at different times on different samples : — 

Proximate Analysis. 

Fixed Cai-bon 85.66 

Volatile combustible matter 6.6t 

Ashes 0.83 

Water, expelled at 212° Tahr 0.84 

100.00 



Organic Analysis. 

Carbon 90.661 

Hydrogen l.TaO 

Nitrogen 0.001 

Oxygen 0.180 



Aslies 6.121 

Loss 0.111 

100.009 

Neglecting the ashes, nitrogen, and_ hygroscopic water, 
the compoeition is as follows, namely: — 

Carbon, 91.310. Hydrogen, 1.853. Oxygen, 0,331. 

A comparison of the above proximate and organic analyses 
shows, that the volatile matter with the exception of about 
I per centum is composed of combustible carbureted liydro- 
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gen, which exists as a free gas condeused ia tlio pores of the 
coal, and not in the viscous state of bitumen. 

Tbe specific gravity of this coal is 1,38, and in the ordinary 
state of dryness its pores hold mechanically about | of 1 per 
centum of water. The lightnesB of the coal is probably due 
to the fact of its pores being filled with carbureted hydrogen 
gas. 

Omitting ashee and small constituents, the chief differences 
between Blackheath anthracite and the Trevorton semi- 
anthracite may be briefly summed as follows, namely; 

In composition the Trevorton coal contains about 3§ per 
centum more carbon, about one-half the quantity of hydrogen, 
about one-third the quantity of oxygen, and about one-fourth 
the quantity of hygroacopic water. In mechanical structure 
it is less dense, has less cohesion, and exhibits altogether 
different characteristics of fracture, &c. 

The CuMBEaLAND SEMi-snuMiNOUS is a free burning coal from 
Maryland. Its mechanical structure varies from slaty to 
columnar, and is chiefly the latter, which is semi-crystalline in 
texture while the slaty portions are amorphous ; the columnai' 
portions exhibit a deep shining jet black while the slaty 
portions show a dull black. Its cohesion is weak ; it frac- 
tures easily, and the surfaces are frequently striated ; 
it is very friable, crumbling under slight mechanical action 
into fine powder. 

In the furnace it ignites readily and burns with a red 
flame of moderate length. While parting with its volatile 
constituents the lumps agglutinate slightly and intumesce 
considerably, the bulk of its coke much exceeding that of the 
coal from which it was derived. It is by no means a caking 
coal, only a small part of its volatile constituents being in the 
state of bitumen; part of its hydrogen probably unites with 
its oxygen in the proportion to form water, and the remainder 
is condensed into the pores of the coal in the state of free 
gas. It produces considerable smoke of a deep brown color. 

Its weight in the merchantable state is less than that of 
he Blackheath anthracite, but more than tliat of the Trevor- 
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ton semi-anthracite; and in its action in the furnace it differa 
from both in its production of amote, in the rounding or melt^ 
iDg off of the edges of the lumps, in their agglutination, and 
in the increase of bulk. The effect of the latter is, by increaa- 
ing^ the porosity of tho coal, to produce the rapid and complete 
combustion of its fixed carbon. 

The following are the proximate and organic analyses of 
this coal, namely: 

Proximate Analysis. 

Fixed Carbon , 80.15 

Yolatile combustible matter 13.00 

Aelies 5.00 

Water expelled at 212° Fahr 125 

100.00 



; Analym. 

Fixed Carbon 8S.50 

Hydrogen 4.75 

Oxygen 2.50 

Hygrometric moisture 1.35 

Ashes 5.00 

100.00 

Neglecting the ashes and hygrometic ivater, tho composi- 
tion is as follows, namely: 

Carbon, 92.31. Hydrogen, 6.01. Oxygen, 2.66. 
Specific gravity, 1.42, 
Tlie data of the experiments made with these coals in the 
manner described, will bo lonnd in tho following three tables, 
namely: 
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CalCMlalion of the IVeight of SteatH evapo- 
rated by the Coals, 

The weight of steam or water evaporated is obtained by 
calculation, and is the sum of the following three quantities, 
namely: 

1st. Of the weight of steam discharged from the cylinder 
at the end of the stroke of the piston: this is determined by 
the pressure at that point, as shown by the indicator. 

2d. Of the weight of eteam that would have been evapo- 
rated had the heat which was absorbed by the water in the 
boiler in raising its temperature the difference of its tem- 
peratures at the commencement and end of each experiment, 
been employed in evaporating it into steam of the same total 
heat as that in the boiler: tliis weight is determined from the 
temperatures of the water in the boiler at the commencement 
and end of the experiment, the weight of that water, and the 
total heat of the steam of mean boiler pressure during the 
experiment. 

3d. Of the evaporation equivalent to the heat annihilated 
in the cylinder to produce the mechanical power developed 
by the engine. When this power is known, its thermal equiv- 
alent can be easily calculated ; it is so much heat as will raise 
the temperature of one pound of water one degree on Fah- 
renheit's scale for every 112 foot-pounds accomplished by the 
engine. 

These three quantities, though all that admit of calculation, 
do not constitute the whole weight of water actually evapor- 
ated by the fuel ; they are exclusive of the losses of heat 
from the following causes, namely: 

1st. By condiKliun and radiation, the losses due to which 
must have been considerable, as neither steam-pipe nor 
cylinder were covered. The foi-mer was 50 feet long, 3| 
inches inside diameter, and was made of J inch thick wrought- 
iron ; the temperature of the steam within it was 218° Fahr.; 
of the air surrounding it 64° Fahr. 



Hosted by 



Google 



AL. 19 

2d. By leakage of steam past the vaives and piston ; a 
lose more or less serious with all engines, but which, though 
considerable in the present case, was probably not above the 
average. 

3d. By the use of the skarn in what may be coiled the vesi- 
CULAS Btate; that is, in minute globules contained within very 
thin envelopes or Alms of water, instead of being a homoge- 
neous mass. This vesicular state is tSiat in which steam is 
always found in boilers when in active evaporation supplying 
engines. It differs entirely from priming or foaming, which 
consists in the violent upheaval of comparatively solid 
masses of water consequent on the sudden reduction of the 
steam pressure in the boiler without a corresponding reduc- 
tion of the temperature of the water beneath it. In other 
words priming is due to the abnormal relation of too high a 
temperature of the boiler water to the steam pressure upon it. 
In the boiling of water, globules of steam, more or less 
minute, are first formed on the surface transmitting the heat; 
when their buoyancy becomes sufiicient to overcome the co 
hesionof the supeimcumbent watci they rise through it and 
emerging at the upper surface occupy the ste'im rr >m On 
leaving the water a emill envelope oi film of it duo to its 
cohesion, remains aiound the iscendin^ globule of steam and 
IS earned by it to the cjhnder An aggregation tf common 
soap bubbles will give a ooirect idea on an esagget ited scale 
of tins \esicular conlition tf the steam which is futther 
mamtained by the continuous condensation of the globules 
at their surface irom tie moment they leive the water 
When steam issues fiom a boiler gauge cock it is neaily 
transparent and invisible at the opening but at a short dis 
tance becomes visible and aesuiaes a foggy ai petrance 
which IS caused by the admistuie of the minute globules of 
the vesicular steam and the atmoepheiic air f ji it appears 
to be a law of natuic that the intimate mixtuie of two trans 
paient media of difieient constituticns j-ioduces in opaque 
appearance as m the cose of beating up oils an! water or 
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the powdering of glass, which is the intermixing of mionte 
tvansparent fragmenta with the atmospheric air. The quan- 
tity of water thus carried from the boiler to the cylinder in 
the solid state as envelopes to the steam globule, ia by no 
means inconsiderable. 

4th. By the quantity of waier carried mechanicaUy from 
the boiler to the cylinder by foaming or priming -whitiii is caused 
by changes of pressMJ-e in the boiler without coiTeeponding 
changes in the temperature of its water. This results from 
the fact that the withdrawal of eteam from the boiler by the 
cylinder is intermitting, while the supply of heatto its water 
is uninterrupted; the sameness of the temperature of the 
water is also further maintained by its large mass. At each 
withdrawal, therefore, of a charge of steam from the boiler, 
its pressure is lowered, and as the temperature of the water 
remains the same, a sudden and yiolent evolution of steam 
follows, throwing up it mass of spi'ay which it drives along 
with it to the cylinder. This state of things exists in all boil- 
ers to a greater or leas estent, depending on their type and 
proportions. It is less, ceteris paribus, as the steam room is 
greater; because, then, the withdrawal of a charge of steam 
effects the pressure of the remainder in a correspondingly 
small degree. It is lessened, too, by taking the steam at a 
greater height above the water level, because there is more 
time given for the action of gravity to cause the lifted water 
to fall back. It is lessened, also, by the boiler having a 
greater area of water line, because the disengagement of 
steam from the larger surface will be greater in equal times, 
and the pressure will consequently be sooner replaced. It is 
lessened by greater facilities for the circulation of the water 
in the boiler. And, finally, it is lessened as the steam-pipe is 
supplied evenly from the whole area of the steam-room, in- 
stead of from one locality. When the latter is the case the 
pressure around the aperture of the pipe will be less than 
in other places, and the water there will have a local eleva- 
tion due to this difference of pressure, esaggcratod by the 
movement of the steam from remoter parts towards the 
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pipe. The effect ia to increase the priming hy diminishing 
the distance between the water and steam-pipe. A boiler 
which primed excessively owing to the delivery of its steam 
at one extremity into a pipe but little above the water-line, 
was effectnally cured by inserting a branch of the same 
pipe into the opposite extremity ; for by thus drawing the 
steam efiually from both ends, the wave towards one aper- 
ture was completely prevented by the equal tendency in the 
opposite direction. It is difficult to estimate the quantity of 
water carried over by foaming, but for the average of boilers 
as pi-oportioned in practice, it may be taken that 20 per 
centum of the water pumped in is carried in spray to the 
cylinder and swept from it by the exhaust of the steam. 
Great as this proportion appears it is known under unfavor- 
able conditions to have been doubled. In the present case, 
the steam was taken 5 feet 11 inches above the water level, 
and the entire steam space from the water level to the valve 
seat contained nine charges of steam for the cylinder; but as 
the pressures of the steam in the boiler and in the cylinder at 
the end of the stroke were 45.2 and 24.0 pounds per square 
inch above zero, the nine charges become (~= 1.883, and 
1.883X9^) 16.941 charges, over fifty of which were with- 
drawn per minute and must have been attended with the 
carrying over of much water. 

The loss of heat by the transvection of the boiler wat«r to 
the cylinder, whether as envelopes to the steam globules or 
as spray in foaming, is caused by the fact that this water had 
already had imparted to it sufficient heat to raise its temper- 
ature from that of the feed water to that of the steam car- 
rying it over; to balance the loss of this heat, there is only 
the insignificant value of the water's di«placement of steam 
in the cylinder, 

5th. Sy the loss of heal due to (lie alternate cooling and 
heating of the metal of the cylinder dunng a stroke of the pis- 
ton. At the commencement of a stroke the piston is at one 
end of the cylinder, the interior of which is then exposed to 
the temperature of vapor of about atmospheric pressure in 
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non-condensing engines, and of the condenser pressure in con- 
densing ones. This temperature being always less tlian that 
of the entering steam, the interior surfaces ef the cylinder 
will condense enough to furnish the requisite heat for raising 
them to its temperature. The loss from this source will be 
the greater, as the difieronce between the mean temperature 
of the entering steam during the stroke and of the vapor 
of the exhaust, is greater. 

6th, When the steam is used expansively, there is a very 
great loss of heat from the condensation due to that very expan- 
sion; and the more expansively the steam is need, the grcat<;r 
will 1)6 this loss, tiiongh not in a direct ratio. It must be 
distinctly understood, that it is impossible to expand steam 
without reducing its temperature, and that the consequence 
of a reduction of temperature is a corresponding condensa- 
tion. As soon, therefore, as the steam is cut off, the continu- 
ous retreat of the piston allows it to expand, and the temper- 
ature falling with the pressure, a condensation ensues, the 
result of which is a further expansion to fill the space that 
was occupied by tlie steam which has been condensed; there 
then follows from this further expansion, another fall of tem- 
peratnre, and consequent condensation of steam, and thus the 
process becomes continuous, propagating itself after having 
once commenced. It will be found that the condensation of 
steam in a close vessel having been once commenced, goes on 
with increasing rapidity, the tendency to condense becoming 
greater with each condensation, irrespective of the external 
refrigeration. From the moment, then, that the steam is cut 
off in the cylinder, and continuing to the end of the stroke of 
the piston, a large condensation is taking place, due wholly to 
the fact of the expansion, and becoming greater the shorter 
the steam is cut off. 

From the foregoing it will be easily understood, that the 
evaporation by the same coal, ceteris paribus, clears very dif- 
ferent when determined by the Indicator, and when the water 
is measured in a Tank previous to being pumped into the 
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boiler- nor can the one lie at all taken as a measure of the 
other; they vary greatly according to tlie already enumerated 
variable elements of type and proportions of boiler; tightness 
of the piston and of the valves of the engine; clothing of the 
boiler, steam-pipes and cylinder; temperature of the surround- 
ing air, and of the steam ; point of cutting off ; etc. Tho 
evaporation as shown by the Indicator is generally from 25 
to 50 per centum ]css than is shown by the Tank and great 
even as this lattei difference seems to be it m'ly easily, 
nndei a combination of unfavorable uircum stances be ex- 
ceeded Neither the Indicator nor the T,ink then gi\ es the 
true evaiDorition, the fiist makes it much too small the last 
too great, but though they thus fail m deteimming an abso- 
lute quantity yet either under the same coTidilions will give 
Teh&blycoirectcomparoiiieiesidtt for those conditions but for 
thosponlj a change m th ii changing and sometimci even 
leversing the lebults 

Although, then, the experiments do not show the absolute 
evaporative power of tlie coals, which would furthermore be 
dependent on the quantity of water mechanically present at 
the time in their pores, on the temperature of the air entering 
the ash-pit, on the rapidity of the combustion, on the thick- 
ness of the fuel upon the grate, and on the hygrometric and 
barometric conditions of the atmosphere; yet as the experi- 
ments were made under almost rigorously the same condi- 
tions, with the same speed of piston and ateam pressure, with- 
out expansion, and with nearly the same development of 
power by the engine; the coal too being burned by the same 
fireman; they can safely be accepted as exhibiting correctly 
the comparative evaporative power of the coais under the eoji- 
dUions of the ea^erimenl. 

We will now illustrate the mode of ascertaining the 
weight of steam evaporated, by calculating it in the case of 
the Blacklieath anthracite when burned with no admission of 
air through the furnace door. 
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And first for the weight of steam, discharged from the cylinder 
at the end of the stroke of the piston. Let 

a— the numLer of double strokes made by the piston. 
6 = the number of cubic feet filled by the steam per 

double stroke of piston, 
c = the weight of a cubic foot of distilled water at stand- 
ard temperature of 62° Pahr. Barom. 30 inches, 
d^the number of volumes of steam of the pressure at 
the end of the stroke of the piston, generated from 
unit of volume of distilled water under standard 
conditions. 
iC ^= the number of pounds of water or steam discharged 
from the cylinder, and evaporated from the temper- 
ature of the feed-water entering the boiler. 
Thenar — "'■^■'? 

And if the evaporation be desired, that would be given by 
the same weight of fuel from any other temperature of feed- 
water than the one at which the boiler was actually supplied : 
Let 

e^i^total heat of steam of the boiler pressui-e in degrees 

Fahr. 
f—the temperature in degrees Fahr. of the feed-water 

at which the boiler was actually supplied. 
3 = the temperature in degrees Fabr. of the feed-water 

from which the evaporation is desired. 
e—f—the number of degrees of temperature imparted 
to the feed-water to convert it into steam in the first 

e— sf::=the number of degrees of temperature imparted 

to the feed-water to convert it into steam in the 

second case. 
X =:= the number of pounds of water or steam evaporated 

from the temperatui'e /. 
X --^ the number of pounds of water or steam evaporated 

from the temperature g. 
Then e~g ; e—f : ; x : a , and x = ^:^^ 
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The total space filled by the et«am per double atroke of 
piston was 14.65i cubic feet; the total number of double 
strokes made was 63.215; the steam pressure at tlie end of 
the stroke of the piston was 3i pounds above zero; the rela- 
tive bulks of this steam, and the water under standard con- 
ditions from which it was geneiated, are 1084 and 1 ; and as 
the weight of a cubic foot of such water is 63.321 pounds, we 
have for the total weight of the steam discharged from the 
cylinder (iiHi^^Jl5!;Hl^) 53308.14 pounds, which was 
evaporated from the temperature 133° Fahr. of the feed- 
water entering the boiler. To ascortaia now what this 
evaporation would be from a temperature of 100" Fahr. of 
feed-water The boiler pressure per square inch above zero 
was (30.1X14.t — ) 45.4 pounds, the total heat of which 
steam is 1191.6 Fahr., and as the temperature of the feed- 
water was 133° Fahr., there remained to be imparted to con- 
vert it into steam (1191.6—133 = ) 1064.6°, while with a 
temperature of feed-water of 100° Fahr. there will be required 
to be imparted (1191.6—100 — ) 1091.6°, consequently for 
evaporation from a temperature of feed-water of 100° 
Fahr., the above 53308.14 pounds of steam would become 
C^i^T*'^ =) 51105.40 pouQds. 

Next, for the euaporaiion equivalent to the heat abBorbed in 

raising the femperaln.re of the boiler luater from its te^nperature 

at the Gcmmeneement to that at the close of the experiments : Let 

h= the temperature in degrees Fahr. of the water in the 

boiler at the commencement of the experiment. 
i= the temperature in degrees Fahr. of the water in the 

boiler at the end of the experiment. 
e — the total heat of steam of the mean boiler pressure 

in degrees Fahr. 
j ■= the number of pounds of water in the boiler. (This 
weight was kept the same at the beginning and end 
of the experiments.) 
g:=ihe temperature in degrees Fahr. of the feed-water 
from which the evaporation is desired. 
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Then ■ — Xj = the evaporation in pounds of steam or water 
from the temperature g of feed-water due to the heat 
expended in raising the boiler water from the temper- 
ature h to the temperature i. 
The temperature of the water in the boiler at the com- 
mencement of the experiments was 166° Fahr., and at their 
close 351° Fahr.j the difference being 85° Fahr. The total 
heat of the steam of the l>oiler pressure was, ae before, 1191.6° 
Fahr., and the temperature of the feed-water from which the 
evaporation is desived is 100° Fahr., difference 1097,6° Fahr. 
The weig;ht; of the water in the boiler was 1,500 pounds. And 
j3H_xl50O = 58O.812T pounds. This, then, is the evapora- 
tion from a temperature of feed-water of 100° Fahr. due to 
the heat absorbed in raising the boiler water through 85° 
Fahr, of temperature. As the experiments were six in num- 
ber, and as this quantity was the mean per experiment, the 
total evaporation will be (580.812tX6 — ) 3i8i.38 pounds. 

Lastly, for the evaporation equivalent to the heat annihilated 
in the cylinder to produce the pmoer developed by the engine. 
The horse power being taken at 33,000 pounds raised one foot 
high per minute, and the thermal equivalent of 112 foot 
pounds being taken, according to Joule, at one pound of 
water raised one degree of temperature on Fahrenheit's scale; 
then the thermal equivalent of an indicated horse power will 
be (-5^=) 42.t461 pounds of water raised one degree Fahr. 
Let 

&i=the number of indicated horses power developed by 

the engine, 
e = the total heat of steam of the mean boiler pressure 

in degrees Fahr. 
3 = the temperature in degrees Fahr. of the feed-water 

from which the evaporation is desired. 
(^=the time in minutes dunng which the indicated horses 
power acted: — 
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Then '^■"■''^^>^' =^ the aumber of pounds of steam that wonld 
be evaporated in the time (, from a temperature g of 
feed-water, fay the heat annihilated to produce the 
indicated horses power k developed by the engine; 
■which heat was obtained by the condensatioo of 
steam in the cylinder. 
The engine developed 17.193 horses power. The total heat 
of the steam of the boiler pressure was, as before, 1191.6° 
Fahr., and the temperature of feed-water from which the evap- 
oration is desired ia 100° Fahr., difference 1091.6° Fahr. 
The time during which the engine power acted was i2 
hours and 16 minutes or 2536 minutes; hence we have 
,n.m_..«.T4eix263_6 _^j legg-OG pounds of steam evaporated 
from a temperature of feed-water of 100° Fahr. equivalent to 
the heat annihilated iu the cylinder to produce the power de- 
veloped by the engine. 

Adding together the above three results, we shall have the 
following for the total weight of steam evaporated from a 
temperature of 100° Fahr. by the Blackheath anthracite when 
burned with no admission of air through holes in the furnace 
door, namely : 

Pounds of steam discharged from the cylinder.. .. 51105,40 
Pounds of steam equivalent to the heat absorbed 
in raising the temperature of the boiler wa- 
ter from its temperature at the commence- 
ment to that at the closo of the experiments 3484.88 
Pounds of steam equivalent to the heat annihilated 
in, the cylinder in producing the power of the 
engine 1698,06 



Total number of pounds . 



Collecting the foregoing data and calculating their re- 
sults in the manner described, we havo, finally, the following 
exhibit of the comparative evaporative efficiency of the 
Blackheath Anthbacite, the Teetohton Semi-Anthbacitb, and 
the CuMBEHLAKn SEui-BrruMiNora coal with the boilers and 
under the conditions of the experiments. 
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JDiscussion of the MestiUs. 
Tlie coals, aa regards their value for steam piii-poses, may 
be briefly compared aa i'oUows, namely; — 

lat. Kapidity of IcKinoN, — The capability of rapid igni- 
tion, apart from its obvious convenience and utility in raising 
ateam quickly, is valuable in coals, because it permits the 
steam piessure to be uniformly maintained m the hoilei whiGh 
in ordinaiy cases is almost impossible with natural draught 
and co^l of slow and di&cult combustion In those cases 
where, from any cause the diiught is feeble the ad\ intage 
of the coal of eisiest gnitim will be the moio stiongly 
marke{l In tbis quihty the Trevorton i^oil standd first, the 
Cumberiin 1 next and the Blacklieatli anthiac te last 

2d. Peebervation or FoKii — Phe presurvation f ftim 
under the c natant attrition of handling and lollii g ibout is 
a cause ct cleanliness which on boaid ship has a commer 
cial value m its saving ot Khoi and niateiial independently 
of appearances and the comfort of the persona embaiked. It 
has, also, a very great influence on the evaporative value ; for 
when the coal has been reduced to powder, a large proportion 
of it falls unconsumed through the grate, and the part remain- 
ing on it impedes the draught and reduces the supply of 
steam. Coal in powder, then, is equivalent to a serious re- 
duction of evaporative value per unit of weight; and it re- 
duces also the boiler power of the vessel. As regards cohesive 
strength and con Beqaent preservation of form, the Blackheath 
anthracite stands first; next, but at a considerable distance, 
comes the Trevorton a c mi-anthracite ; closely to which follows 
the Cumberland semi-bituminous. 

3d. Phoduction of Smoke. — Both tbe Blackheath and Tre- 
vorton coals have a great advantage over the Cumberland in 
the non-production of smokej which with the latter is con- 
siderable, and a constant source of soiling. It is furthermore 
highly objectionable in war steamers from its betrayal of 
their position at long distances. 
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4tii. Waste prok Ashes, Clinker, &c, — It is evident that 
it is only the portion of the coals which consumes that has an 
evaporative value. The waste, let it be ashes, ciinker, oi- line 
coal, ia just so much abstracted from the weight of the coal: 
and in addition to this negative injury the presence of earthy 
matter is a positive one also; for the clinker, which is always 
produced with intense heat of furnace, covers the air spaces 
of the grate and obstructing the draught reduces the supply 
of steam. It also causes a loss of heat by the long opening 
of the furnace door to remove it, the cold air rushing in and 
cooling the flues. 

The earthy matter uselessly occupying space in the fui-- 
nace and intimately mixed with the fuel, prevents the contact 
of part of the combustible and the entering air, a larger por- 
tion of which will consequently pass off without giving up 
its oxygen than otherwise would. More air, therefore, 
passes through the grate in proportion to fuel consumed as 
the earthy matter constitutes a larger proportion of the coal, 
reducing the temperature of the furnace gases and corre- 
spondingly the evaporative efficiency of the unit of weight 
of coal, for it is only the difference of the temperatures of the 
gases within the flues and of the water surrounding them, 
that is available for evaporating. There is, also, the irre- 
trieveable loss of heat in imparting to the air which is not 
deoxydized, the difference of its temperatures on entering and 
leaving the boiler. 

The ashy residuum of the combustion of coal, is its earthy 
matter chemically and mechanically changed by the action of 
heat. To produce these changes an equivalent quantity of 
heat is absorbed, and this is just so much abstracted from 
the atcam generating value of the remaining combustible: 
hence, the presence of earthy matter in coal not only dimin- 
ishes its steam generating value.by the weight of that matter, 
but to an additional amount measured by its specific heat and 
by the heat required for its chemical decomposition and mo- 
chanical change of form. It thus appears that the economic 
value of coal decreases more rapidly than in the proportion 
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of its combustible, that ia to sav, of what remains after de- 
ducting the earthy matter, and this observation 18 fully con- 
firmed by practice; la what ratio this extra decrease takes 
place is difflctilt to assign, but it is large enough to produce 
a very serious efiect. 

In the production of the chemical changes in the earthy 
matter, the requisite amount of oxygen is abstracted from 
the air entering the furnace, the supply of which to the com- 
bustible of the coal is thus diminished while the greater 
quantity of air that must be introduced for the combustion of 
the gross weight of coal is increased accompanied with the 
cooling effects due to its specific heat and to the difference of 
its temperature on entering the furnace and the chimney. 

A chemical analysis, — which is made of only a few grains 
of a coal,— utterly fails to give the proportion of its ash that 
will he found in a large mass; because the earthy matter is 
not uniformly disseminated. Indeed, there can frequently be 
picked out of a pile large lumps composed of three parte 
earth to one part combustible, while on the other hand lumps 
of nearly pure combustible can be found. The quantity of 
clinker from a given weight of earth will depend on its com- 
position partly, but chiefly on the intensity of the combus- 
tion, for at a sufficiently high temperature the whole of the 
earth would fuse, but the fusing point is not tho same for all 
of its components. The Md waste will depend not only on 
the quantity of ash, but on the fineness of the coal, the dis- 
tance of the grate bars apart, the disintegration of the coal 
in the furnace, its agglutinating quality, and the more or less 
stirring of the fire. 

With the hard anthracite, nearly the whole waste consists of 
earthy matter, and in all of this coal that I have burned the 
waste has been excessive; — the Blackheath anthracite of the 
experiments gave 20.54 per centum, which is certainly not 
above the average. The waste from the Trevorton coal was 
13.37 per centum; and from the Cumberland 10.10 per centum. 
Of the former, I cannot speak from experience, but of the 
latter, the average waste is about 14 per centum. In the 
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case of the experiments, the total waste with the two pul- 
verulent coals must be considered a minimum as only lumps 
were thrown into the farnaco. 

Subtracting, now, the per centum of waste in ashes, etc., 
in the cases of the three coals, we have the following for the 
per centum of tho remaining combustible, namely; — 

Blackhcath anthracite 19.46 or l.OOOO 

Trevorton semi-anthracite., 86.G3 " 1.0902 

Cumberland semi-bituminous 89,30 " 1,1338 

In rapport of cumbustible for equal weights of coal, there- 
fore, their value stands in the above proportion. 

As a cubic foot of the Blackheath, Trevorton, and Cumber- 
land coals, weigh respectively 5J.50, 48.60, and 51,41 pounds, 
their relative weights of cumbustible in equal bulks will be 
as follows, namely:^ — ■ 

Blackheath anthracite. (54.50X1.0000^) 54,5000 or 1.0301 
Trevorton semi-anthra- 
cite (48.50X1-0902=) 52.8141 " 1.0000 

Cumberland semi -bitu- 
minous (51.41X1.1238^)51.8430" 1.0931 

5th. Evaporative Efficiekct. — The evaporative efficiency 
of the coals was determined with both admission and non- 
admission of air through holes in the furnace door. Tho re- 
sults will be compared afipai'ately. 

And first, of the ^ect of the admission of air through holes 
in the furnace door on the evaporative efficiency of the same coal. 
This is determined by comparing tlie evaporation given per 
unit of weight by each coal with air not admitted and ad- 
mitted, and the results are as follows, namely:-^ 





PoBPdB of Steam evapotiWd per 
pound of Coal. 


SofiS 


^r through holes 
in tuvnaS. door. 


'SB'- 


rissi'S 




S.I21g 


.JSS4 


B,5BB 
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If the same comparison be made, substituting tlio evapora- 
tion given per unit of weight of combustible ioi unit of weight 
of coal, wo shall then have the following results, namely: — 





Pounds of aleain evaporalefl jci 


wUh no admis- 
sLoBofBir. 


Lirtt«ughbole 


Air Bdm ttod 
hrough holea ii 




6,fl62a 


e.mi 


7.6H 


TteYMton Semi-anflirBdto, 



The latter table, which in this case ia the proper one to be 
cited, shows that the evaporative effect of a given weight of 
combustible is, by admitting air through holes in the furnace 
door, increased with the two anthracitous coals, say, 6| per 
centum ; while with the Bcmi-bituminous coal producing smote, 
the gain is only 4^ per centum. ThJK, I am aware, is opposed 
to the generally received opinion; but the experiments were 
carefully made, and under their conditions the result can bo 
confidently accepted. 

Next;— of the comparative evqporaHw cffioiency of the unit 
of weight of the coats, and the unit of weight of their combustv- 
Ue, when burned without the admission of air through holes in 
the furnace door. This is determined by comparing the num- 
ber of pounds of steam evaporated under this condition from 
a temperature of water of 100° J'ahr. by one pound of each 
coal, and by one pound of Its combustible: — tho results are 
as follows. 
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Last; — of the Cfrmparative evaporative efficiency of the unit 
<f weight of the coals, and the unit of xoeight of their combus- 
tible, when burned wUh the admission of air through holes in 
the furnace door. This is determined in tho same manner as 
above, by comparing the number ef pounds of steam evap- 
orated nndcr this condition from a temperature of water of 
100° Fahr. by one pound of each coal, and by one pound of 
its combustible: — the results are as follows, namely;— 
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The general deduction from the two immediately preceding 
tables is, that esolcsive of the waste in ashes, etc., the evap- 
orative efBciency per pound of coml>ustible of the Trevorton 
and Cumberland coals is about equal; and that it exceeds the 
evaporative efficiency of the Blackheath coal by one-eightb 
of the latter. Including waste in ashes, etc., the evaporative 
efficiency of the Cumberland coal is about 4 per centum 
greater than that of the Trevorton, and 25 per centum greater 
than that of the Blackheath coal. 



Stowaqe. — The weights of equal bulks of the coals are, 
for the Blackheath anthracite 54.50, for the Trevorton semi- 
anthracite 48.50, and for the Cumberland semi-bituminous 
61. 4T; the amounts of combustible remaining in them respec- 
tively after deducting the wast« in ashes, etc., are 19,46, 
86.63, and 89.30 per centum; consequently in rapport of com- 
bustible the weights for equal bulks will compare as 
(54.50X.t946=:;) 43.305t, {48.50 X-86G3=) 43.0156, and 
(61.4lX-8930=) 45.962'!. If these qnantities be multiplied 
by the evaporative efficiencies of the coals after deducting 
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the waste in ashes, etc., taking the case of non-adiiiisHioii of 
air through holes in the farnace door, which is the general 
one in practice; we shall have for the stowage value of 
equal hults respectively (43.3057X5.8144=} 254.395, 
(42,0156X6-5033=) 273.240, and (45.9621X6-6626=) 
306.231; or in other words, the weight of water that would 
be evaporoted by equal bulks of the coals, would be in the fol- 
lowing ratio, namely: — 

Blacklieath Anthracite 254.395 or 1.0000 

Trevorton Semi-anthracite 213.340 " 1.0141 

Cumberland Semi-bituminous 306.231 " 1.2038 



^(MitiOMal ^xperiitWMts with the Mlackheath 
t^nthrmMe. 

After the foregoing was written, the evaporation by tlie 
Blackheath anthracite appeared so small in comparison with 
what was given by the two other coals, that I concluded to 
repeat the experiments with it in order either to confirm the 
previous results or to discover the error if any had been 
made. Accordingly, a new set of experiments, occupying 
five days, were made in precisely the same manner as before, 
with the coal burned without the admission of air through 
holes in the furnace door. The data of these experiments 
will be found in the following table, namely: 
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AND OmnEHLAKD SEMI-BITUMINOUS COAL. o7 

Collecting the data in the above table and calculating their 
results in the same manner as heretofore, we have the follow- 
ing exhibit of the evaporation by the Blackhbath Anthracitb 
as given by the second set of experiments, burning it with- 
out admission of air through tlie holes in the furnace door. 



DATA. 

Duration of the experiments in liovira and minutee 40..28 

Number of pounds of water contained in tlie tioiler 7,500 

Temperature in degi'eea Fahr, of tlie water in tlie boiler at the 

coaimenoement of tlio esperimenta 181" 

Temperature in degrees Fahr. of the water in the boiler at the 

end of the experiments 248° 

Temperature in degi-ees Fabr. of the tiied water supplied to the 

boiler. 1180 

Temperature in degrees Fahr, of the air entering the adi pit. . 64' 
Pressure in pounds per equare inoh above the atmosphere of the 

Bteamin the boiler 26.9 

Pressure in pounds persquare inch above the atmosphere of the 

steam in tie cylinder at the eommeneement of the sfroke... 16.7 
Pressure in pounds per aquore inch atiovethe atmoephere of the 

steam in the cylinder at the end of ttie Btrake 9.5 

Total number of double strokes made by tbo piston (by Counter). 61,634. 

Mean number of double strokeB per minute by the piston 25.385 

Mean gross effective pressure on piston in pounds per square 

inch (by Indicator) H 44 

Gross horses power developed by the engine 17.91 

Total number of pounds of coal consumed 11,038 

Total number of pounds of pine wood consumed (In kindling). 844 
Total number of pounds of coal consumed, estimating 2 pounds 

of wood equal in evaporative value to 1 pound of coal 11,460 

Total number of pounds of waste in asbes and in flue coal fall- 
ing tbrougb the grates unburned 2,205 

Per centum of waste of the coal in ashes and in fine coal 20 

Total number of pouuds of coal consumed, exclusive of the 

waste in ashes, elc, estimating two pounds of wood equal in 

evaporative value to one pound of coal 9,235 

Pounds of coal consumed per hour per square foot of grate 

surface 14.07 

Pounds of coal consumed per hour per square foot of grate 

surface exclusive of waste 11.26 
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> CDMBERLAND COAL. 
EVAPORATION FKOM A TEJIPEBATURE OP lOO'.FAHR. 

Pounds or ateam discliargea from the cylinder 60020.66 

Pounds of Bteam equivalent to the heat ahsorbed in raising tlio 
temperature of the boiler water from its temperature at the 

commencement to that at the close of the experiments 2189.78 

Pounds of steam condensed in producing Uio pewer of the en- 
gine 1696,02 

Total number of pounds of eteam evaporated 53906.46 

Pounds of water evaporated per pound of coal 4.T039 

Pounds of water evaporated per pound of coal escluaive of 
waste in ashes, eto 5.8246 

By comparing the above results with those obtained from 
the first set of experiments with the Blackhcath anthracite 
burned under the same condition of no admission of air 
through holes in the furnace door, we shall find that they 
agree very closely in all respects. The evaporation from a 
temperature of water of 100° Fahr, per pound of coal was 
then 4.7340 pounda of ateam; now it ia 4.T039 pounds. The 
evaporation per pound of comhustible was then 6.8144 pounds 
of ateam; now it is 5.8346 pounds. We may, therefore, con- 
fide in the accuracy of tbe experiments. 
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rSE OF STEAM EXPANSIYELT. 



Hosted by 



Google 



Hosted by 



Google 



Experiments made with the Smithery Ungine and Boiler at the 
U. S. Mvy Yard, Ifeiv York, to determine the EeloUve 
Consumption of Coal for the production of equal Indicated 
Sorses Power when using the Steam xvithout Expansion, 
and when suppressing iis admission into the Gylinder at 
•^ of the stroke of the piston from the commencem£nt, 
allowing it to expand through the remaining -^Ss °f "<« 
stroke. 



After completing the foregoing esperimenta on " tlie C( 
paratiye Evaporative Efficiencies of the Blaokheath aktb 
CITE the Teevorton Semi-anthracite, and the Cuubeeland Semi- 
BiTiiraNOTia coal ; " in which the steam was need without ex- 
pansion ; the opportnnity seemed favorable for an experimen- 
tal determination of the gain in fuel to fee obtained by using 
the steam expansively ; and in order to make the result a 
marked one, I concluded to employ an early suppression, 
closing the expansion or cutoff valve at -^ of the stroke of 
the piston from the commencement, and allowing it to expand 
through the remaining -^ of the stroke. 

The experiments were now repeated with this condition and 
in precisely the same manner as in determining the comparar 
tive evaporative efficiencies of the coals, using the same 
Blackheath anthracite, and burning it with both the admission 
and non-admission of air through the holes in the furnace door. 
The coal and ashea wore carefully weighed by tlie same scales 
as in the previous experiments, and diagrams were continu- 
ally taken with the same Indicator. The temperatures, press- 
ures, etc., were noted every fifteen minutes in the same man- 
ner as previously. The data now obtained will be found in 
the two following Tables, namely : 
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44 ECOKOMIC EFFBOT DUE TO THB 

Collecting the foregoing data, and making the calculations 
from them in the same manner as for the previous oxpeviments 
on the Comparative Evaporative EfBcicncies of the coals, we 
have the following exhibit of the results obtained whan burn- 
ing the Blackiieath anthracite, both with and without the 
admission of air through holes in the furnace door, and cut- 
ting OFF THE STEAM at ^^^ of the Stroke of the piston from the 
commencement : 
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la order to make a proper comparison of the results ob- 
tained in tho two cases of using the steam with and without 
expansion, tho quantities necessary have been arranged in 
the following Table, and in separate columns for the results 
"when the coal was burned without the admission of air 
through holes in the furnace door and when it waa burned 
with the admission of air through them. The quantities in 
the firet column are the mean of the original experiments with 
the Blackheath aktheacite, burned without the admission of 
air through the holes in the furnace door, and of the subse- 
quent experiments made to verify those results : 
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Table exkiUtmg the Comparative Beaults obtained from the 
Smithery Engine and Boiler at the New York Navy Yard 
when Using the Steam WithoiU Expanmon and when Using it 
Ea^nsively, suppr^sing its admission at ^ of the Stroke 
<f Piston from the commerwement ; the Fuel consumed bdng 
Blackheath Anthracite burned both tvith and mthout the 
Admission of Air through Holes in the Furnace Boor : 
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The first thing in the abovo Table that str kes 3 s the 
great cost of an Indicated Hoise Powei in p und^ of oal per 
hour ; but if the conditiont, undei which the Sm tl e j E gine 
worked be consideied, this e^.ceesi\e cost ca e s ly be 
accounted for. It ig due to the high rat o wl cl tie back 
pressure bore to the totil mean picfsure, count gf om zero ; 
and to the lowevaporative efiiLicncy of the bo ler 

Let us examine this in detail In the first place the press- 
ure required to oveicomf the fiit,tion of the engine and shaft- 
ing jier se, was, as deduced fium an extensive set of experi- 
ments, 2,5 pounds pei square mth of piston. Now taking 
for illustration the thud column in the Table, because the per- 
formance therein recorded is with expansion and without ad- 
mission of air through holes in the furnace door, and therefore 
the nearest comparable with the usual conditions of practice ; 
we find the mean gross effective pressure to have been 11.37 
pounds per square inch, to which if we add the atmospheric 
pressure of 14.1 pounds per square iucb, and the mean press- 
ure of 0.8 pound per square inch above the atmosphere in 
the cylinder during the exhaust, we shall have for the total 
mean pressure during the stroke counting from aero 
(11.31+14.1+0.8=) 26.8t pounds per square inch, of which 
the back pressure and the pressure required to work the en- 
gine and shafting perse, was (14.7+0.8+2.5=) 18 pounds 
per square inch, or {~^-—) 67 per centum, leaving only 
(100—67=) 33 per centum to be utilized ; or out of a total 
mean pressure of 26.87 pounds, only 8.87 pounds were use- 
fully applied. The evaporation given by the boiler was the 
low one of 3.6035 pounds of water from a temperature of feed- 
water of 100° Fahr. by one pound of coal. Great, there- 
fore, as was the cost (13.008 pounds of coal per hour) of the 
horse-power, it was only what might lia-ve been anticipated 
from the conditions ; and it shows that not only were the 
proportions of the boiler very defective, but that the engine 
itself was greatly too large for the work to be performed. 

The next thing that strikes us in the foregoing Table, is 
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the little difference of the cost in coal of a horse-power, when 
the stoam is used without expanaion, and jwheri it is used 
with expansion being cut off in the cylinder at 22 per centum 
of the stroke of the piston from tlie commencement. The 
theoretical gain in fuel duo to this measure of expansion over 
using the steam without expansion, is 1.515 times ; that is to 
say, a given weight of steam when used with this measure of 
expansion ought, according to the law of Maeiotte, to produce 
1.515 times more indicated horses-power than when it is used 
without expansion. The first glance at the Table shows that 
this gain has not, with the practical conditions under which 
the steam was used, been even remotely approximated. 

Taking, first, the quantities in the first and third columns 
■when the coal was burned "without admission of air through 
holes in the furnace door," we find that with expansion the 
indicated horse-power cost 10.5079 pounds of combustible per 
hour, and without expansion it cost 12. 64i6 pounds ; the gain 
being Q^ ' ^ - ^^^^f^J-- - - ^^^) 16.9 per centum. Taking the quan- 
tities in the second and fourth columns when the coal was 
burned " with air admitted through holes in the furnace door," 
we find that with expansion the indicated horse-power cost 
9,4403 pounds ofcombustible per hour, and without expansion 
it cost 11.3442 pounds ; the gain being ( "'^"tTs^ — =) 
16.8 per centum. The mean of both is (HIlll!— ) 16,85 per 
centum ; that is to say, that when using the steara expan- 
sively, cutting it off at 22 per centum of the stroke of the pis- 
ton from the commencement, and allowing it to expand 
through the remaining 78 per centum of the stroke, a given 
weight of combustible produced 16.85 per centum, or about 
one-sixth more horses-power than when the steam was used 
without expansion. 

The discrepancy between the theoretical prediction and the 
practical result, though enormous, may be accounted for by 
taking into consideration the facts which would naturally 
tend to modify the former in the direction of the latter, and 
determining tlioir value. 
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In comparing tliD relative advantages of using stoam 
with and without expansion, the weight of fuel consumed is 
taken as the measure of the cost, and the iudicated horses 
power developed as the measure of the effect produced. Now 
to what part of this fuel does the fact of expansion apply ? 
Evidently only to that part which has produced the steam 
actually used expansively in the cylinder. Upon all the 
remaining portion of the fuel, be it as large or aa small as it 
may, the use of steam expansively has no influence. 

In the first place, taking the average of boilers, the fuel 
produces upon the water only about two-thirds of its calorific 
effect, owing to the leases of heat in the products of combus- 
tion entering the chimney, and to the imperfection of the 
combustion itself. Of the fuel, too, a portion, probably 5 per 
centum, is lost in fine pieces falling unburned between the 
grate bars and in cleaning the Area. In marine engines there 
is also the further loss by " blowing off and feeding in" to 
prevent the formation of scale, and the loss from this source 
is on an average in practice, about one-aisth of the heat en- 
tering the boiler water : this, of course, includes the loas 
by " priiajng," as that forms in effect part of the boiler water 
to be extracted. Thus of the 100 per centum of the original 
fuel [33-f-5 ^ ) 38 is lost without imparting heat to the water, 
and of the remaining 62, one-sixth, or say 10 per centum, 
is lost by the " blowing ofF," leaving only (100— 3S-)-10 = ) 52 
per centum, or say one-half, applied to the generation of steam. 
It is plain enough now, that any saving of fuel by the use of 
steam expansively, can only be made upon that half of the 
total fuel consumed which is applied to the generation of 
steam. Upon the other half the fact of expansion has 
no influence, and this at once produces a practical reduction 
of one-half in the theoretical gain of fuel due to the meaaure 
of expansion employed for the steam. Of the steam, however, 
that is generated, but a portion produces a dynamic effect 
upon the piston, and it is, to this portion only that the theo- 
retical gain can be applied by using it expansively, and that 
gain will be practically greatly lessened by certain physical 
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50 EOOSOaiC EFFECT DUE TO TUB 

properties of tho steam, and the conditions it is used under, 
all of which are ignored in the theoretical law of Mabiotte. 

The causes that prevent us from obtaining the full dynam- 
ical eSect of the steam after it is generated, may bo distrib- 
uted under the four following heads, namely: 

Aunihilation of the steam by condensation. 

The escape of eteam by leakage. 

The resistance of the back .pressure in tho cylinder to the 
movement of the piston. 

Steam used in iilling the cylinder clearance and ports. 

The first head may be subdivided into, lat. Condensation 
of steam due to the conduction and radiation of heat from the 
exterior surfaces of the boiler, steam-pipe, valve-chest, and 
cylinder. 2d. Condensation due to the difference between 
the temperatures of the interior surfaces of the cylinder, its 
valves and- piston during a double stroke of the piston. 3d. 
Condensation due to the fact of the expansion of the steam 
per se. 

The leakage consists of the steam which escaping past the 
valves and piston, passes to the condenser without producing 
any dynamical effect upon the piston. 

The back pressure opposing the movement of the piston, is 
composed of the uncondensed vapor in the cylinder; to this 
pressure must be added in effect that which is required to 
work the engine and shafting per se; for it is evident that, 
like the back pressure, it must first be balanced before the 
piston can move. 

That portion of the steam which is used in filling the space 
between the face of the valve and the piston when at the 
end of its stroke (comprised in the cylinder clearance and 
ports), produces no dynamical effect upon the piston when 
the steam is used without expansion. When it is used ex- 
pansively, some dynamical effect is obtained from the portion 
filling the clearance and ports; but the loss from tViis cause 
is, nevertheless, greater than when the steam is used with- 
out expansion. 
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We will examine in detail the above enumerated causes of 
loss of dynamical effect by the steam, and distinguish their 
values in the cases of using it with and without expansion. 

Of the condmeaHrm of steam dm to the conduction and radi- 
ation of heat from the exterior surfaces of the boiler, steam-pipe, 
valve^hest, and cylinder. It is impossible to estimate the 
amount of loss from this cause, but that it is considerable will 
be granted by all whose experience has enabled them to ob- 
serve the quantity of water formed by the condensed steam 
" til p'p d ■ g 1 tf w"t[ tl g' t t Tl 

d t wUb fl d ttlltm tby 

tl th k d d t b 1 ty f tl m t 1 I by th 

1 tl g t th f b t w th q 1 ty til 

P t t w 11 I tl t f th f d th d ff 

f t p t f th t w th d tb w tl t 
In comparing steam used with and without expansion, it 
may be done under two conditions, making tiie engine under 
both to develop equal powers in equal times, for the object is 
to ascertain for a given power tiie most economical mode of 
using steam. We may condition, 1st. That tlie boiler press- 
ure be the same in both cases, when the engine using the 
steam without expansion will employ a higher mean effective 
pressure per square inch of piston, will have much the small- 
est cylinder, and will lose the least by friction and back 
pressure, but the loss by radiation will be about the same. 
2d. That the same cylinder and mean effective pressure per 
square inch of piston be employed; in which case the boiler 
pressure will be much the highest with the expanded steam, 
and the loss by conduction and radiation from the exterior 
surfaces of the boiler, steam-pipe, and vaive-chest, will be 
proportionally great; but the radiation from the exterior 
surfaces of the cylinder and the condensation by the interior 
surfaces will be about the same. The friction and back press- 
ure losses will also be about equal; but the higher the press- 
ure, and consequently the temperature of the steam in the 
boiler, the greater with marine engines will be the loss by 
"blowing off and feeding in" to prevent the formation of 
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scale ; for the temperature of the feed-water being constant, 
the higher the temperature of tho blown out water the greater 
will be the loss of heat from this source ; besides which tlie 
concentration at which scarwater deposits scale lessens with 
increase of temperature, and a gi'eater per centum of " blow- 
ing off" is then required with, of course, s,pro rata loss. The 2d 
are the conditions under which the experiments with the 
Sm'ithery engine and boiler were made; but as in them the 
steam pressure in the boiler was carried nearly the same — 
the difference being only between 43.4 and 48.8 pounds per 
square inch, counting from zero, the equality of the mean 
effective pressure on the piston being obtained by escessive 
" throttling"— tho loss by radiation was very nearly equal; 
and as the boiler was supplied with fresh water, there was 
no loss in either case by " blowing off ; " neither was there 
any sensible priming. 

0/ the condensaiion of the steam due to the difference between 
{he temperatures of the interior surfaces of the cylinder, its valve 
and piston, during a double stroke of the piston. It is assumed 
that the interior surfaces of the cylinder and the surfaces of 
its valve and piston, will have the temperature of the steam 
or vapor with which they are in contact : this temperature 
will vary during a double stroke of piston between tho tem- 
peratures of the entering steam and of the exhaust ; in fact, 
all the power of the engine— the latent heat apart — is due to 
their difference. Now, at the commencement of a stroke of 
the piston, these surfaces will have tlie temperature of the 
vapor of tlie exhaust or back pressure in the cylinder to which 
they are then exposed ; hence, when steam is admitted from 
the boiler, it will strike surfaces having a temperature less 
than its own, and -will suffer the condensation due to the dif- 
ference. The absolute amount of this condensation will be 
in the ratio of the area of those surfaces, of the conductibili- 
ty and specific heat of the metal, and of the difference be- 
tween the mean temperatures of the steam during a stroke of 
piston and of the vapor constituting the back pressure against 
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it ; and it will be farther increased by the humidity which, 
like a dew, covers the surfaces at each condensation, and es- 
evcises more inflnence even than the metal itself whose 
capacity for heat is greatly less. 

When the steam is used expansively, a small portion of the 
dew or condensed steam deposited during the first portions 
of the stroke of the piston, is doubtless reconverted into 
vapor under the le'ssened pressure of the expanded steam in 
the following portions, and exercises a useful pressure on the 
piston : this cannot bo the effect in the caso of steam used 
without expansion and of uniform pressure during the whole 
stroke, and so far as it goes makes the loss lees by this 
condensation when using the steam expansively than when 
using it without expansion. 

With the Smithery engine, the varying temperatures of the 
steam in the cylinder, and conseijuently of the metaia of the 
cylinder, during a double stroke of the piston, can be ascer- 
certaitied from the Indicator diagrams of which No. 1 and 
No. 2, Plate II., are fair representatives. No. 1 shows the 
average distribution of the steam in tlio cylinder when work- 
ing without expansion: No. 2 show this distribution when 
working with expansion, cutting-off the steam at 23 per 
centum of the stroke from the commencement. In both cases 
the mean gross effective pressures are almost exactly the same, 
being 12.67 pounds per square inch with No. 1, and 12.19 
pounds per square inch with No. 2, the piston making the 
same number of strokes in equal time. Dividing each of 
these diagrams into ten equal parts, and erecting an ordinate 
at the centre of each part at right angles to the atmospheric 
line A B, and taking from the diagrams the pressure above 
zero on each ordinate, the mean of the temperatures normal 
to these pressures will be the mean temperature on the steam 
side of the stroke, while the temperature normal to the back 
pressure will be the mean on the exhaust side of the stroke, 
and half the sum of the two will be the mean temperature of 
the cylinder. The temperatures of the steam on entering and 
leaving the cylinder will be those normal to the pressures at 
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tlie commencement and end of the stroke of tho piston as 
sliown by each diagram. The results will bo found in the fol- 
lowing table ; namely : 
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Tlie condensation of steam in the cylinder due to the vary- 
ing temperatures of its interior surfaces, is inherent to its use 
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and cannot be prevented or modified by any external clothing 
or felting. The only means of prevention are to surround 
the cylinder with a jacket filled either with steam or with hot 
air, or to superheat the steam in the boiler, but they alt pro- 
duce the effect at the expense of fuel ; an araoimt of heat 
equivalent to the refrigerating inSuenco must be expended to 
counteract it, though it may be more economical to obtain 
that heat from the sources indicated than from normal Eteam 
in the cylinder. Whether it be or not, and to what degree, 
depends upon conditions too variable and exceptionable to be 
generalized here. The problem is whether the amount of 
heat thus expended in the last two cases could not be made 
to produce a greater economic effect upon fho piston, if ap- 
plied to the evaporation of more steam in the boiler. With 
boilers so proportioned that their heated gases are discharged 
into the chimney at too high a temperature for a good eco- 
nomic evaporation, there may undoubtedly be derived a gain 
by using a portion of the waste heat to superheat the steam, 
or to envelope the cylinder ; this, however, is only a mode of 
recovering what ought never to have been lost, and will 
probably be found inexpedient, if caiTied far, on account of 
injury to the rubbing surfaces of the cylinder now so well 
lubricated by the water of the condensed steam. The gain 
by the steam jacket is not so clear, though strongly insisted 
on by many, as the condensation of steam in the cylinder can 
only be prevented by the condensation of an equal weight in 
-the jacket, and the annihilation of equal weights of steam is 
the loss of equal powers, let it take place where it may. 

Of the condensation of the steam in the cylinder that results 
from the loweriny of the temperature due to the fact of Gte ex- 
pansion per se. — The instant the introduction of steam into 
the cylinder from the boiler is suppressed — the movement 
of the piston continuing— the steam expands, and its temper- 
ature falling simultaneously with the expansion, a conden- 
sation inevitably follows and a part of the steam is precipi- 
tated in the form of water. A consequence of this condeii- 
Bationisastill further expansion of the steam (in addition to 
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that which results from the coatiniious retreat of the piston) to 
fill the space due to the difference of the bulks of the steani be- 
fore it was condensed and of the water resulting from that con- 
densation; this second expansion is accompanied by a still 
further reduction of temperature, causing in its turn another 
condensation which again gives rise to another expansion, 
and so on until the end of the stroke. Aa it is impossible to 
expand steam without reducing its temperature, this process 
of condensation, — which is wholly irrespective of external 
refrigeration, — is an inherent function of the steam and be- 
comes continuous after being once commenced; and will be 
the greater the greater the measure of expansion employed 
for the steam. It results from the fact, that although the 
total beat of steam of higher pressure is greater than the 
total heat of steam of lower pressure, yet as the latent heat 
of the latter increases in a much higher ratio than its total 
heat diminishes, and as this increase in the latent heat is at 
the expense of the sensible heat, it becomes a cooling pro- 
cess and produces the condensation stated, 

As it is then impossible to expand steam witliout lower- 
ing its temperature, and as this lowering is inseparably ac- 
companied by a condensation, and as these effects of the 
reducing of temperature and the precipitating of water after 
having once commenced, propagate themselves in a rapidly in- 
creasing or geometrical ratio, it follows that if any vessel fill- 
ed with steam be a little enlarged so as to allow the within 
steam to expand, though ever so slightly, condensation pro- 
duced by that expansion per se will instantaneously take 
place and proceed with continuously increasing rapidity until 
all the steam be converted into water, and this without any 
aid from external cooling. 

The experiments with the Sinithery engine enable ns to 
ascertain for that particular case tlie amount of condensa- 
tion in the cylinder duo to the fact of expansion per se. 
This amount will be determined by the difference between 
the weights of steam discharged from the cylinder at the 
end of the stroke of piston per pound of combustible when 
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using the eteam with and without expansion. The evap- 
oration due to the condensation produced by the develop- 
ment of the power, and to the heat employed in raising the 
temperature of the boiler water from that at the commence- 
ment to that at the end of the experiments, is not included, 
because from the method of their calculation they are unaf- 
fected by the fact of expansion per se. Now as the real 
evaporation in the boiler per pound of combustible must have 
been the same whether the steam was used with or without 
expansion,^ and as precisely the same coal was burned, giving 
the same per centum of refuse, in the same boiler, by the same 
fireman, with the same engine doing the same work, at the 
same speed, the boiler pressurebeingnearly the same, and the 
cylinder pressures being ascertained by the same Indicator 
which was a most excellent and reliable one, — therefore, what- 
ever difference results in the two cases, must be apparent only 
and due entirely to greater condensation of eteam in the cylin- 
der: consequently, excluding the evaporation due to the differ- 
ence of the temperature of the boiler water at the commence- 
ment aud end of the experiments, and to the power developed 
by the engine, which, from the manner in which they were cal- 
culated, will be in both cases in the same ratio to the com- 
bustible, there remains to compare the weight of ateam dis- 
charged in a given time from tho cylinder at the end of the 
stroke of its piston, with the weight of combustible consumed 
in the same time, and tho difference in the two cases will cor- 
rectly give the per centum that the condensation in the one 
exceeds the condensation in the other. 

Previous to this determination, however, we vril! examine 
if there be any difference in the two cases in the loss of heat 
by external radiation, for if there be, it will affect the result, 
Eefen'ing now to the table containing the comparative exper- 
imental results obtained by using the steam with and with- 
out expansion, and taking the mean when burning the coal 
with and without the admission of air through holes in the 
furnace door, we find that in the first case the steam in the 
boiler was 33.9 pounds pressure per sijuare inch above tho 
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atmosphere, and had conseqoently a temperature of 281,°3 
Fahr.; the temperature of the engine and boiler room waa 
'I2.°5 Fahr., differeuce 208.°8 Fahr. In the second case, using 
the steam without expansion, the pressure in the boiler was 
28.t pounds per square inoli above the atmosphere, with a 
temperature of Sli.^S Fahr.; the temperature of the engine 
and boiler room was 6ft° Fahr., difference 214.°3 Fahr., or 
nearly the same as before. Consequently, the difference be- 
tween the evaporative results, calculated as set forth in the 
immediately preceding paragraph, will be caused entirely by 
the condensation due to the expansion itself. 

Taiing the mean of all the Smithery experiments when 
burning Blackheath anthracite with and without the admis- 
sion of air through holes ]a the fuinace door, and usinij the 
steam, without expansion, we have foi the weight of steam 
discharged from the cylinder at the end of the stroke of its 
piston 1265.53il pounds per hour. The weight of combus- 
tible consumed per hour being 225.9611 pounds, we have 
5.6007 pounds of steam per pound of combustible. 

In the same manner, taking the mean of the experiments 
when burning Blackheath anthracite with and without the 
admission of air through holes in the furnace door, and using 
ihe sfeoim ea^ansivelp, we have for the weight of steam dis- 
charged from the cylinder at the end of the stroke of its pis- 
ton 183.3239 pounds per hour. The weight of combustible 
consumed per hour being 186.5115 pounds, we have 4.199t 
pounds of steam per pound of combustible. 

The apparent difference in the evaporation in the two cases, 
is, therefore, ( ^•'°Vi9T'"°° =} ^^-^^ P^^' <=entum of the 
amount when using the steam without expansion, and must 
have been produced entirely by condensation in the cylinder 
due to the expansion per se, because all the other conditions 
were almost rigorously the same. 

In estimating the gain to be derived from using ateam ex- 
pansively, a great error ia made by supposing that the 
weight of steam passed into the cylinder is correctly meaa- 
■ uaed by tlie Indicator, and is per stroke of piston a cylinder 
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full of ateara of tbe pressure at tlie end of the stroke as 
shown by the instrument. Such, however, is not the case; 
the Indicator does indeed measure correctly the weight of 
steam discharged from the cylinder at the end of the stroke, 
or the weight present in it at any poijifc of the stroke, but not 
the weight of steam that has at the end or at any point of 
the stroke of the piston been received into the cylinder; for 
the Indicator being simply a measurer of existing pressure, 
cannot, it is manifest, show the weight of steam that has been 
condensed in tbe cylinder by any cause whatever. 

In the experiments, the final pressure in the cylinder by 
Indicator when using the steam without expansion, was 24.3 
pounds per square inch above zero; and when using the steam 
expansively 14.15 pounds; the number of double strokes of 
piston made per minute in the two cases was 25.623 and 
25.181, and if the Indicator were a correct measurer of the 
quantity of steam received into the cylinder, then the weight 
of combustible consumed in the two cases would have been 
nearly in the ratio respectively of (24.3X25.623=) 622.6389 
and (14.15X25.187=) 311.5156 or of 1.0000 and 1.6159, in- 
stead of which we find it to have been by actual weighing in 
tbe ratio of only 1.0000 and 1.1685. 

Of the modification of the theoretical result of expaivtion 
made by the leakage of the vcdves. When we say that the steam 
is cut off at such or such a point of the stroke of the piston, 
we moan that the introduction of the steam into the cylinder 
from tlie boiler is intended to bo suppressed at that point by 
the mechanism, and would really be so did the valve move 
steam tight on its seat. This freedom from leakage, how- 
ever, is from physical causes, and the forms habitually given 
to the valves almost an impossibility ; and of the large num- 
ber of indicator diagrams that I have examined, from many 
engines of various types and proportions, I have never seen 
one which did nnt evidence a very considerable leakage. 
That tliia should be so is easily, understood when we reflect, 
that the valves employed, with the exception of the poppet 
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and piston-valves, are in general form, large flat pieces of 
metal depending for tightness on tlie accuracy with wliich 
two metallic surfaces, one moving freely on the other, can be 
made to fit ; that the metal of the valves has a different tex- 
ture and a different coefScient of expansion from the metal 
which forms the valve-seat ; that the valves are faced to their 
seats cold, but when in use have one side exposed to the tem- 
perature of the boiler steam, while the opposite side is exposed 
to only the temperature of the exhaust; thia difference of 
temperature on opposite sides of a large flat thin piece of me- 
tal, acts uncontrollably to warp it and to cause it to leak ; 
the same cause also warps the valve-scat, and increases the 
leakage, to which must be added what is due to ttie fiutings 
or channels soon produced by use and corrosion. 

In tJie case of the double poppet-valve, almost univer- 
sally employed for the American river and marine engines 
whose rotary velocity will permit it, there is to be overcome 
the great dilHcnlty of making their two connected discs steam 
tight ; it is easy to grind one tight, but a very delicate man- 
ipulation is required to grind the otlicr tight at the same 
operation. There is furthermore the leakage due to the dif- 
ference between the expansion of the connecting stern of the 
discs, and of the metal of the valve-chest ; this could indeed 
be in a great measure obviated l)y grinding in tlie valves 
hot, but owing to the inconvenience of so doing it is rarely 
or never done, the valves are habitually ground in cold and 
of course leak when hot. The single poppet-valve, which is 
one ilat, thin disc, can be ground tight ; but it is now scarcely 
ever employed. 

The piston-valve, which depends for its tightness on an 
elastic packing of the full circular form, is the only kind of 
slide-valve that can be made and kept tight under the ordi- 
nary conditions of practice ; the elasticity of the packing per- 
mitting it to accommodate itself to changes of form without 
losing its tightness ; but I have known this valve to be used 
only in a very few cases. 
It may be supposed that if the valve and its chest were 
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made of tbe same metal poured at the same time, both would 
have the same texture and the same coefficient of expansion ; 
such, however, will not ho the practical result ; for the two 
masses being comparatively very small and large, the differ- 
ence in their rate of cooling will produce a complete change 
in the quality of the metal. Neither do I overlook the fact 
that the considerable difference of pressure oq the two sides 
of the valve tends mechanically to keep it flat and in contact 
with its seat ; but this force will be fouud a feeble antagonist 
to that resulting from the unequal expansion of the metal by 
difference of temperature. Let us pause here for a moment 
and determine what this difference is. 

Eeferring to the Table of Comparative Results, and tak- 
ing the mean of the two columns when using the steam lyith- 
out expansion, we find its pressure when entering the cylin- 
der to have been 16,9 pounds per square inch above the 
atmosphere, the temperature of the steam in the valve-chest 
must then have been at least 254.6 degrees Fahr., and as tho 
temperature of the exhaust was 214.6 degrees Pahr., there 
was a difference of 40 degrees to warp the valve. Again, 
taking the mean of the two columns when using the steam 
with expansion, we find its pressure when entering tho cylin- 
der to have been 27.5 pounds per square inch above the at^ 
mosphere ; its temperature in the valve-chest must then have 
been at least 313.6 degrees Pahr., and the temperature of the 
exhaust being as before, 214.6 degrees Pahr,, there was a 
difference of 58 degrees to produce warping. 

That a large portion of the leakage was due to the cut-off 
valve, is very evident from an inspection of the indicator 
diagrams. Pig. 3, Plate II. These diagrams were taken at 
one double stroke of the piston. The cut-off valve closed at 
the point 0, which is precisely at the same distance from the 
commencement for both strokes. At the point C, too, the 
steam pressure in the cylinder was precisely the same ; and 
had the cut-off valves (consisting of two flat plates, one at 
each end of the cylinder) been equally tight, the steam press- 
ure at the end of the stroke would have been the same also : 
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that it was not the same is evident at a glance ; the right 
hand diagram shows it to have been 1| pound per square inch 
above the atmosphere, while the left hand diagram shows it 
to have been 1§ pound per square inch helow the atmosphere; 
this difference of 8 J pounds per square inch canonly be owing 
to the different tightness of the two cut-off valves. To esti- 
mate its value we must consider, that in the one case the 
total steam pressure at the end of tlie stroke, counting from 
zero, was 16.03 pounds per square inch ; while in the other 
it was only 13.31 pounds ; the differential of leakage was, 
therefore, nearly { ^^'''^~y^'^^ '^'"' =) 20 per centum. 

The leakage due to the steam-valve cannot be determined 
from the diagrams, as the valve had no lap; it can only be 
inferred from the low apparent evaporation by the boiler, for 
such a leakage would pass a large body of steam directly from 
the valve-chest into the atmosphere without producing any ef- 
fect upon the piston, indeed without even entering the cylinder; 
now, as the real evaporation of the boiler, known from exper- 
iments on others of the same type and similar proportions, 
was much greater than the calculations give, there must have 
been a considerable leak past the steam-valve as weU as past 
the cut-off valve. 

The steam and cut-off valves of the Smithery engine have 
been described in the account of the experiments made to 
determine the comparative evaporative efficiencies of the An- 
thracite, Trevorton, and Cumberland coals. They were slide 
valves and leaked, as we have seen, considerably; the amount 
of this leakage, and the modification of the theoretical gain 
by expansion produced by it, we will now determine in the 
following manner, namely;— 

The fact of expansion, of course, does not apply to the 
steam leaked past the valves and piston directly to the ex- 
haust, and the quantity thus leaked, therefore, went to de- 
crease in direct ratio the proportion of the total fuel unin- 
fluenced by the expansion, and consequently to decrease in 
the same ratio the theoretical gain due to the measure of ex- 
pansion employed. 
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As regards the steam leaked past the cutoflF valve into the 
cylindei- after the Bteam port mas closed, it will evidently 
produce a dynamical effect upon the piston, but will decrease 
by its amount the measure of expansion intended to be em- 
ployed, and consequently lessen the theoretical gain due to 
the cutting off at the point where the valve closed, but it will 
not lessen this gain for the Irzie measure of expansion ob- 
tained, let that be what it may. In the case of the Smithery 
engine, the steam space between the piston and cut-off -valve 
at one end of the cylindfr is 259 cubL foot equal to an 
extension of the space dis[ la cment of a stfDke of tb piston 
of 0.146 foot; the length of the str ke is i fett and as the 
expane ion-valve closed at 22 pei centum of the sti ke or -it 
0.88 foot, the relative bulks of the stoim befoie a id iftet ex 
pansion were 0.88 and 4 146 ind the steam presBi les n the 
cylinder, according to the law of Mariottf it tl e point of 
cutting off, and at the end cf the stioke sho ild 1 e mveisely 
as these numbers. Referring now to the table f Comfiritive 
Results, and taking the mean of the third and fourth col- 
umns, it will be observed that the pressure of the steam in 
the cylinder at the point of cutting off was 20.65 pounds per 
square inch above the atmosphere, or (20.65-|-14.1 ^= ) 35.35 
pounds above zero; consequently it should have been, accord- 
ing to the law of Mariottb, (4.U6 : 35.35 : : 0.88 : ) T.5 
pounds per square inch above zero at the end of the stroke of 
the piston; whereas, we perceive by the table, that it was 
14.15 pounds, or nearly double. Hence it is evident, that 
after the closing of the cut-off valve, as much steam leaked 
past it from the boiler into the cylinder as had entered the 
cylinder previous to the closing of the valve, supposing no 
ree vapor alio n had taken place towards the end of the stroke 
of the piston of the steam condensed in the cylinder in the 
first part of the stroke. In fact, however, much more than 
this quantity had entered, because had the valves been per- 
fectly tight, the pressure at the end of the stroke would have 
been considerably less than according to the law of Maeiotte. 
We thus perceive that although the cut-off valve closed at 22 
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per centam of the stroke, yet the measure of the expansion 
waa far from (-j^^=:) 4,71 times; what the true measure 
was can be reasonably approximated bycomparing the press- 
ure at the end of the stroke of piston with the pressure at the 
point of cutting off. The pressure at the latter point was 
35,35 pounds per square inch above zero, and at the former 
14.15 pounds; the measure of expansion was consequently 
/?L|?^\ 3.391 times instead of 4.11 times. The theoretical 
gain in fuel duo to the measure 3.391 of expansion over 
using the steam without expansion is 0.814 times; that is to 
say, a given weight of steam when used with this measure of 
expansion ought, accenting to the law of MAnmrrE, to produce 
0.814 times more indicated horses-power than when it is used 
■without expansion. Now, when steam is used with the meas- 
ure 4.11 of expansion, this theoretical gain ought to be 1.515 
times the effect pi-oduced -without expansion; consequently, 
we perceive that while we have been expecting the gain due 
to the greater measure of expansion, because the cut-off valve 
closed at the proper point to produce it, we ought, owing to 
the leakage of the valves, to have expected only the gain due 
to the lesser measure of expansion. 

Of the modification of the theoretical effect due to the expan- 
monof steam by the backpressure against the piston. That the 
existence of back pressure influences the economy of expanded 
steam very materially, will be at once comprehended when 
we consider that the back pressure is constant, while the 
steam pressure, counting from zero, is a continuously decreas- 
ing one from the point of cutting off; consequently, from that 
point the back pressure continuously becomes a greater and 
greater per centum of the steam pressure as the end of the 
stroke is approached. Hence results, that with the same ini- 
tial pressure, and the same back pressure, Ibe greater the ex- 
pansion of the steam the greater will be its loss of useful effect 
caused by the back pressure ; and the greater the back press- 
ure the greater will be the lessening of the theoretical gain 
due to expansion. 
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If we suppose tiie expansion to be carried to SQch a de- 
gree that the steam pressure at any point of the etroko pre- 
vious to its termination becomes less than the bact pressure, 
then it is plain that the engine is now not only exerting no 
power, but that some of the power developed by it during the 
previous portion of the stroke will be abstracted to uselessly 
overcome the differential of tlie steam and back pressures. 
We thus perceive that owing to the existence of back press- 
ure it is possible to carry the expansion of steam so far as to 
cause its economical effect to be greatly less than if it were 
used without expansion, a result which would be impossible 
were there no back pressure. For example, suppose the case 
of steam of any total pressure, say 30 pounds per square inch, 
used with an expansion of four times, that is to say, cut off 
at one-quavter of the stroke of piston from the commencement; 
suppose also there were no back pressure and that the steam 
expanded according to the law of JIagiotte, then the mean 
effective pressure throughout the stroke would be, say, 13 
pounds per square inch. Without expansion this pressure 
would, of course, be 30 pounds per square inch, but there 
would have been consumed in producing it four times as 
much boiler steam as when employing expansion; dividing, 
then, the 30 by i we obtain 1^, which expresses the pressure 
obtained per unit of steam of fuel using the steam without 
expansion, while the pressure 18 was obtained from the same 
fuel using the steam with expansion; hence the gain would 
be {yrj — 1 := \ l.i; that is, the same fuel with the expanded 
steam would produce 1.4 times additional eifect to the effect 
produced by it without expansion. Now, let us suppose a 
back pressure in each case of 8 pounds per square inch, then 
the relative mean effective pressures will be (18 — 8:==) 10 
with expansion, and (30^8 = ) 22 without, and as in the 
latier case four times as rouch fuel was used, the relative 
pressures per unit of fuel will be (Y^^) 10 and (s^-^) 51, 
and the gain by expansion will be only (^^ — 1=) 0.8 instead 
of the 1.4 when there was no back pressure. If the back press - 
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ure be increased to 16 pounds per square inch and the same 
process repeated, we shall find that the mean effective pressure 
with the expanded eteani will be (18 — 16 = ) 2 pounds, and 
with the unexpanded steam (30-16=) 14 pounds. The weight 
of fuel consumed in the two cases being as 1 and 4, we obtain 
per unit of fuel the pressures (f = ) 2 and (V-^=) ^ii ^^^^ 
ie to say, the economical effect of the steam used witliout ex- 
pansion exceeds that which is obtained from tbe steam used 
with expansion in tlic ratio of 3^ to 2. 

The same results would evidently be obtained if, with the 
same initial steam pressure and the same back pressure, we 
were to increase the measure used of expansion, tbat is to 
say, cut off shorter and shorter ; in which case the mean 
effective pressure with the expanded steam woujd become 
less and less per unit of fuel ; while with the unexpanded 
steam it would remain constant ; a point would then soon be 
reached where the gain due to the expansion would be bal- 
anced by the back pressure, and if the expansion were carried 
beyond this it would occasion a loss. 

Practically, in some engines, as for instance that of the 
Sraitheiy with which the experiments were made, the loss 
from back pressure is equal whether the steam be used with 
or without expansion, the engine doing the same work in the 
same time with the same speed of piston. This, however, is 
owing entirely to a mal-p report! on between the size of the 
engine and the work to be done, which latter required when 
working with unexpanded steam a very low pressure, while 
it permitted with the expanded steam a comparatively high 
initial pressure, the mean effective pressures in the two cases 
being identical. The Smithery engine, if it had been worked 
without expansion and with steam whose cylinder pressure 
equalled the pressure at the point of cutting off when the 
steam was used with expansion, could have been greatly re- 
duced in size and still have developed the same power with 
greater economy of fuel, because the loss by back pressure 
would then have been much less than when using the steam 
with expansion. For example ; in the Table of Comparative 
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e fiad the pressure at the point of cutting-off 
when using the steam expanaively to have been 20.65 pounds 
per square inch above the atmosphere or a total pressure of 
(20.654-1^.1^=) 35.35 pounds ; the back pressure was 15^ 
pounds per square inch, and the mean effective pressure per 
indicator was 11.35 pounds. With the same back pressure 
and using steam of the same total pressure, namely, 35.35 
pounds, but without expansion, the mean effective pressure 
would have been (35.35 — 15.5^=) 19.85 pounds ; and the car 
pacity of the cylinder would have been reduced in the ratio of 
(li^=) 1,15 to 1.00, and could still have developed the same 
power with the same speed of piston, while the loss from the 
back pressure, which with the expanded steam was 
( haf''!rfl =) ^H P^'' centum, would have been only ( i"^^;^ =} 
43^ per centum. The equality of loss, then, with equal back 
pressures, in the cases of using steam with aud without ex- 
pansion, can only be obtained on the supposition, of employing 
too large a cylinder when working without expansion and 
one of the proper size when working with expansion, the 
equality not being inherent but accidental, depending en- 
tirely on a mal-proportion of size of engine to quantity of 
work done and in favor of expanded steam. Hence it is man- 
ifest that as whatever initial cylinder pressure can be carried 
in one cise cin bo carried in the other and starting with 
equ 1 ty ntl aiespect th remustalwaysbeigieatdecrease 
of tl e the et al ga n due to the ex stence of bd k pressure. 
In fi t c uli tie volume of tie yl dei of the Scnithery 
ent, ne 1 ive 1 e n dec eas 1 when us r g steam without 
exi ans on and of tte same p essure as it th© point of cut- 
t ng off wl e 9 n steam w tl e^:] an-j o mtil it per- 
formed tS bime w k w th the si c &peed of piston 
as wle wo kit, e\pans e!y the esult frou expansion 
would have been reveised, and instead of showmg a gain of 
nearly 17 per centum, would have shown a loss exceeding 
that ratio ; beside which there would be obtained all the 
practical advantages of a smaller engine — too obvious to be 
dwelt on. 
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In estimating the practical effects of expansion, the enoi'- 
moua influence of such large back presswee as we have to 
deal with even in the case of good condensing engines, have 
been quite overlooked, as have also been the advantages to 
be derived from the less capacity of cylinder required for 
equal developments of power when steam is used without ex- 
pansion and of the same initial pressure as with expansion. 

Still as it may be replied, and with truth, that in many 
cases, particularly of marine condensing engines, a consider- 
able gain has been realized by using the steam with a greater 
measure of expansion than before ; it becomes incumbent to 
show that this fact when rightly interpreted, is not in con- 
tradiction to the foregoing i-emarks. In these cases it must 
be remembered that there were employed the same cylinder 
with tbe same area of steam-ports, and the same boiler fur- 
nishing the same quantity of steam. The gain realized by 
cutting-off shorter was obtained almost entirely from changes 
accidentally produced in the action and virtual proportions of 
tbe mechanism, and not from the fact of any increased meas- 
ure of expansion per se. The sizes of the cylinder and boiler 
had been in bad proportion to each otbcr, the former being 
much too large for the latter, as is almost universally the 
case ; and not only was the boiler too small to furnish as 
much steam of the proper pressure as the cylinder could work 
off, but it was too small in steam room also. Let us now 
trace the consequences of this mal-proportion. The first is, 
that the steam when using the less measure of expansion had 
necessarily a lower initial pressure in the cylinder and there- 
fore lost the gain it would have realized from the less propor- 
tion of the back pressure had the cylinder been small enough 
to maintain, with equal development of power, the same ini- 
tial pressure as when using the steam with a greater measure 
of expansion. Again, as with the leas measure of expansion 
a greater bulk of steam bad to be discharged in equal time 
through tbe same steam-port, the dbsdlvis back pressure 
against the piston was increased ; consequently, when using 
the steam with the 3ess measure of expansion, instead of the 
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back presaure being absolutely the same and relatively lees, 
it was both relatively and absolutely greater than when using 
the steam with the greater measure of expansion. An inspec- 
tion of indicator diagrams from any condensing engine nsing 
steam witli different measures of expansion, will show at 
once how much greater is the back pressure when following 
far with the steam than when cutting it off shorter. The 
vacuum in the condenser may be the same, and also the maa> 
imum vacuum in the cylinder, but the average in the latter 
will be leas, and there will be observed a greater and greater 
rounding of the diagram at the exhaust end as the masses of 
steam discharged in equal times through the same port be- 
come greater and greater, owing to the maximum condensa- 
tion becoming later and later. Now, as marine condensing 
engines rai-ely work with an average pressure exceeding 16 
pounds per square inch of piston above the back pressure, 
and generally with pressures greatly below it, the effect 
of increasing the backpressure 1 pound per square inch is 
equivalent to neutraliaing more than one-sixteenth of the 
power, for allowing the friction resistance of the engine to 
be 1^ prand per square inch the net pressure is (IS^IJ =) 
14^ pounds, of whiLh 1 pound it. neaiiy t per centum In 
engines of ordiiidr^ sized poits I ha^e known the hick 
pKBSure to mcieiae between 2 and 3 pounds pei '.quare 
inch when the p^mt of cutting-uff was chmgel fiora one- 
fifth to one half the stioke the \^cuum m the condenser 
icmammg the same This mciease of bacW prLsi.me was 
of courbe in accident il effect and would hive disappe ircd 
on a proper enhigcment of the poit but the gieit eccnora- 
ical difference due to it was erroneously attributed to the 
fact of expansion per se. 

It may be said with truth that nearly all boilers, 
and particularly marine ones of the tubular type, have 
too little steam room ; and as a deficiency in this re- 
spect seriously impairs the economical effect produced by 
the fuel, any increase of steam room becomes a source of 
gain, and every decrease a cause of loss. Now the steam 
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room of a boiler ie not an abaolute but a relative quan- 
tity, and is to be compared -with the bulk of steam drawn 
from the boiler in a given int«rval of time ; hence, if the 
st«am room contain ton charges of stflam for the cylinder 
when the cut-off vaive closes at one-fourth the stroke of pis- 
ton, it will contain only five charges when the valve closes 
at half stroke; the throttle-valve opening remaining the same 
in both cases. In this illustration, by simply changing the 
point of ciittingHsff there Iiaa been witlidrawn in the same 
tinae twice the bulk of steam from the steam room which is 
thus virtually reduced one-half. The effect of such reduction 
is to increase the quantity of water worked over from the 
boiler to the cylinder, where it increases the back pressure by 
obstructing the exhaust port and where it impedes the move- 
ment of the piston near the end of the stroke by its want of 
elasticity and facility of escape. If also lessens the condenser 
vacuum and increases the load upon the air-pump owing io 
the large quantity of injection water required to reduce its 
temperature from that of the boilor to that of the condenser. 
This additional amount of primed over water with its atten- 
dant additional amount of injection water, fills the channel 
way from the condenser to the air-pump to the exclusion of 
the air and iincondensed vapor to be extracted: the result is, 
as has been stated, a lessened vacuum in the condenser and 
an increased load upon the pump. The water primed over 
from the boiler can-ies with it the difference of the feed 
water and boiler water temperatures, which has thus been 
uselessly imparted to it at the expense of the fuel if a surface 
condenser be employed : with a jet condenser there is no loss 
of fuel in this respect, as a certain amount (about 5T per 
centum) of the water pumped into the boiler must be with- 
drawn to prevent the formation of scale, and it is immaterial 
whether this withdrawal be effected by priming through the 
cylinder or by blowing -off through the valve provided for 
that purpose. ■ 

The advantageous results of increasing the measure em- 
ployed of expansion for the steam due to the above causes. 
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would disappear by simply increasiDg the steam room and 
enlarging the cylinder steam-ports, and the gain, which is 
now usually ascribed to the fact of expansion per se, would 
then he credited to its proper source. Or, retaining the same 
absolute amount of steam room and reducing the size of the 
cylinder so that when working with the leas measure of ex- 
pansion and with the same initial pressure as with the 
greater measure of expansion, the engine developed the 
same power, we would obtain about the same advantage- 
ous resulte 'in this rapport. I know that in many cases 
where experiments have been faithfully made with a wide 
range in the measure of expansion employed, no sensible gam 
has followed; I am aware, also, that there have been many 
particular cases where a marked gain has followed an increase 
of the measure of expansion; the discrepancy proves the ex- 
istence of other aud modifying causes acting with unequal 
influence. All errors of opinion in physics have been sup- 
ported by an appeal to facts, but these are an infallible umpire 
only when they are rightly interpret«tl, and the tendency is 
always to generalize too broadly and to ascribe whatever re- 
sults follow a change wholly to that change per se without 
imiuiring whether these results be not due to other causes 
brought into action by tbe change and which when removed, 
and the change left to act alone no longer follow or with very 
diminished intensity. 

0/" the loss of dynamic efect due to the steam used infilling 
the cylinder clearanee and ports. As it is impossible to place 
the valve in such contact with the piston at the commence- 
ment of its stroke, that there shall be no space between them, 
and as the intervening space is flliod with steam from the 
boiler, and as this steam is exhausted at each stroke of the 
piston, it becomes necessary to ascertain what dynamical 
effect, if any, is obtained from it. The problem divides into 
two cases: 1st. When the steam is used without expansion. 
2d. When it is used expansively. 

In the first case it is plain, tliat aa the pressure of the cyl- 
inder steam is unchanged during the stroke of the piston, the 
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portion of it comprised in the cylinder clearance and ports, 
which are filled from the boiler at the commencement and ex- 
hausted at the end of the stroke of the piston, acts only &s so 
much fiUiDg, produces no dynamical effect, and serves no 
other purpose than to transmit the boiler pressure to the pis- 
ton. In this case, then, it is a complete loss measured in 
quantity by the contents of the space and the weight of the 
steam. For instance; let the space displacement of a piston 
per stroke be 100 cubic feet, and the space comprised in the 
clearance and steam ports T cubic feet, then the loss from this 
source, if there be no leakage past the valves and piston to 
the exhaust, will be Q^^) ^ per centum of the quantity 
entering the cylinder. If there bo leakage it will, of course 
diminish this per centum, for then more steam in equal time 
will enter the cylinder while the contents of the clearance 
and ports will remain the same; for instance: If, in the above 
example, there had leaked per stroke of piston 10 cubic feet 
of steam, then the loss of steam in the clearance and ports 
instead of being 6i per centum would have been (j^"i2^^=) 
6 per centum of the total quantity entering the cylinder. 

In the case of using the steam expansively, a portion of that 
part of it which fills the space in the clearance and ports pro- 
duces a dynamic effect because as the expansion of the steam 
in this space extends to the end of the stroke it increases the 
pressure upon the piston over what it would have been had 
no such space existed, hut the remainder of the steam filling 
this space after deducting the portion of it producmg an in- 
crease of pressure on the piston, is entirely lost; and as this 
remainder is a higher proportion of the whole quantity of 
steam used than in the case of no expansion, and the higher 
the greater the measure employed of expansion— because the 
space in tho clearance and ports is a constant quantity while 
the total quantity of steam used decreases in the ratio of the 
portion of the stroke at which the steam is cut off plus the 
length of the stroke to which the space in the clearance and 
ports is equal— it follows that the loss of economical effect 



Hosted by 



Google 



DSB OP STEAM BXPASSIVBLY. "3 

from the steam filling this space is greater when the steam ie 
Ksed expansively than when it is used without expansion, and 
the more expansively the steam is used the greater will be 
this loss. 

In order to appreciate the amount of this loss and the de- 
gree in which it is affected by using the steam expansively, 
we will take the case of a cylinder of, say, 8 feet stroke of 
piston and having a space comprised in its clearance and 
steam-port at one end equal to the area of the cylinder by a 
length of, say, 0.6 foot, which is about the average in prac- 
tice, and let the steam be used first without expansion, and 
then wilh expansion cutting it off successively at a«ch points 
of the piston as to produce including the space in the clear- 
ance and port, expansions of twice, four times, and eight 
times. 

And first, using the steam without expansion, taking its 
pressure at unity, supposing the cylinder to have no clearance 
or port, and representing the weight of steam used by 8, we 
shall have a mean pressure on the piston during its stroke of 1. 
and an economical efi'ect from the steam per unit of weight of 
(■^■=) 12500 With the clearance this effect is {^^ =) .11628 ; 

nsequcn the loss caused by the clearance and port is 

/. - =) 6.98 per centum. 

IS X s taking the initial pressure of the steam at uni- 
nding it twice, it would produce were there no 
clearance d port to fill, a mean pressure on the piston dur- 
ing its stroke of .84657 obtained by an expenditure of a 
weight of steam represented by i. Now suppose the clear- 
ance of 0.6 of a foot to be added, then the same measure of 
expansion (twice) being used as before the steam will be cut 
off at 3.1 feet of the stroke from the commencement instead 
of at 4 feet as before, and the average pressure on the piston 
during the stroke will be .83506 obtained by an expenditure 
of aweight of steam represented by (3.t+0.6=) 4.3. With- 
out clearance, then, we havo an economical effect from the 
steam per unit of weight of {-i^H^) .3116i; while with 
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clearance this effect is (~=) .19430, consequently the 

losa is ( ii^^ — =) 8.24 percontumduetothe clearance 

and port. 

Proceeding in the same manner and expanding the steam 
four times, it would produce were there no clearance and 
port to fill, a mean pressure on the piston during its stroke of 
.59657 obtained by an expenditure of a weight of steam rep- 
resented by 2. Now, suppose the clearance of 0.6 of a foot 
to be added then still using the same measure of expansion 
the steam will be cut off at 1.55 foot of the stroke from the 
commencement instead of at 2 feet, as before, and the average 
pressure on tlie piston will be .56631 obtained by an espen- 
dituroof a weight of steam represented by (1.55+0.6^)2.15. 
Without clearance, then, we have an economical effect from 
the steam per unit of weight of ('i^x^) ,39829; while with 
clearance this effect is (^^^ =) .26340, consequently the losa 

,■ /'29S39— SGSMylOO \ -, , ^ „ 

*• ^WiV ^/ il.tO per centum due to the clearance 

and port. 

With an expansion of eight times, the steam, were there 
no clearance and port to fill, would produce a mean pressure 
on the piston during its stroke of .38493 obtained by an ex- 
penditure of a weight of steam represented by 1. Adding 
now the clearance and port space of 0.6 of a foot and still 
using the same measure of expansion, the steam will be cut 
off at 0,415 foot of the stroke from the commencement instead 
of at 1 foot as before, and the average pressure on the piston 
will be .33880 obtained by an expenditure of a weight of 
steam represented by (0.475+0.6=) 1,075. Without clear- 
ance the economical effect of tho steam per unit of weight 
was (-aa^ =) .38493, while with clearance it was {:^^ =) 
.31616, consequently the loss is C^^^^"^™"'"" '^) 18.13 per 
centum due to the clearance and port. 

Collecting the above, we have in the different cases the 
following for the loss of economical effect from the steam duo 
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to the space comprised in the clearance and port of the cylin- 
der, and expressed in per centum of the effect that the steam 
■would have produced had there been no such space to have 
been filled with it: 

Using the steam without expansion 6.93 per cent. 

TTsing the steam with an expansion of twice.. 8.24 
Ueinir the steam with an expansion of four 

times "-^0 " 

Using the steam with an expansion of eight 

time. 18-13 ". 

By observing this rapid increase of loss when employing 
increased measures of expansion, and its large per centum 
with high measures, we shall perceive how greatly it affects 
the economy of nsing steam very expansively, and what a 
serious practical modification it causes in the theoretical re- 
sults This loss, which when expanding the steam twice was 
8 U per centum, rises to 18.13 per centum when the steam is 
expanded eight times. If we suppose, then, that one-half of 
the heat of the fuel enters the cylinder with the steaTii, 8.24 
per centum of it, or (50X.0824=) 4.12per centnmof thefuel 
thrown into the fni-nacca, is thus lost when expanding the 
steam twice; and 18.13 per centum, or {50X.l*il3=) 9.06 
per centum of the fuel thrown into the furnaces, when the ex- 
pansion is carried to eight times. 

From the preceding description it appears, that the theo- 
retical gain due to expansion can only be obtained when the 
steam is generattsd and used under purely theoretical condi- 
tions- that is to say, when the combustion of the fuel is per- 
fect and the entire heat developed from it is applied to the 
evaporation of the water, and when the steam so generated 
suffers no loss either by leakage or condensation, and when 
its effect is not impaired by friction resistance, by back press- 
ure, or by the space intervening between the expansion valve 
aad piston at the commencement of the stroke. Just, how- 
ever, in the proportion that these physical conditions are found 
to exist, will be the modification practically effected in the 
theoretical gain due to the use of steam expansively. It will 
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be observed that the oLtaiuing of a higher result in any of 
the operations intermediate between the combustion of the 
fuel and the production of the power ia a cause of obtaining 
a higher result from the expansive use of the steam; and that 
on the degree of evaporative efBciency given by the boiler, 
on the amount of baot pressure against the piston, on the' 
space comprised in the cylinder clearance and port, on the 
tightness of the valves, on the more or less thorough felting 
of all the radiating surfaces, and on the general propriety of 
the proportions of the organs of the machinery and of its di- 
mensions to the power developed, will depend the measure of 
expansion to be employed for obtaining the highest duty from 
the steam, and not on any theoretical derivations from the 
law of Maeiotte, which though rigorously true for the imagi- 
nary conditions upon which they are based, are yet subject 
to such wide modifications by the practical conditions actu- 
ally encountered with steam machinery, that the predicted 
advantages may be lessened to any extent, and may even 
disappear under very unfavorable circumstances, while under 
the most favorable ones possible there will always remain an 
enormous discrepancy. We can now understand why in some 
cases increasing the measure of expansion with which the 
steam was used notably increased the economical efliciency 
of the fuel, while in others no sensible gain, and sometimes a 
loss, followed. 

When the cylinder valves ai'e not arranged for cutting-ofF 
the steam, it does not necessarily follow that the steam is 
used without expansion, on the contrary, it will be found prac- 
tically that owing to insufficient area of Uie cylinder ports, 
or to a contraction of the steam-pipe by the throttle-valve] 
the steam within the cylinder is used with a certain measure 
of expansion though the communication with the boiler be 
not closed. To this effect produced on the steam the name of 
"throttling" or "wire-drawing" is given; and as it influ- 
ences the results obtained when using the steam without ex- 
pansion,— that is to say, of uniform pressure during the 
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stroke derived from uniform supply from the boiler,— and as 
the steam was throttled ia the case of the Smithery experi- 
ments when using it without expansion nominally, the ex- 
pansion valve not being employed and the steam-valve being 
without lap, it will be proper before concluding to make the 
following diecuasion : 

Of the effect of " throttling " the steam, or of " wire draw- 
ing " it at the throttle-vcUve so as to cause it not only to enter the 
cylinder considerably below the boiler pressure, but to suffer a 
cmtinuai dea-ease of p)-essure during the stroke of the piston. 
The first effect of throttling obviously is to establish a 
marked difference between the pressure in the boiler and in 
the cylinder, and thus virtually to increase the steam voom in 
the former; because the latter at each stroke oftlie piston 
withdraws a less quantity or weight of steam than it other, 
wise would do. So far, therefore, as value of steam room in 
the boiler ia concerned, there ia a decided advantage to be 
derived from " throttling," especially in the case of deficient 
Bteam room. On the other hand, however, it is attended with 
a loss arising from the fact that, as the total heat of steam 
increases with the pressure, there is required more heat or 
fuel to evaporate a given weight of water into steam of a 
high than into steam of a low pressure: and there is, further- 
more, too, an increase in the specific heat of water as its tem- 
perature increases. Now if we generate steam under a high 
pressure and uae it under a low one, which is precisely the 
case in throttling, (and also in using steam expansively) we 
evidently lose the difference in the cost of evaporation at the 
two temperatures. But if we use the steam in the cylinder 
at the pressure it is generated under in the boiler then, ceteris 
paribus, the higher the pressure the greater is the gain in 
fuel, because as the pressure ia increased the temperature 
or aenaible heat ia also increased, and the tension becomes 
greater from this cause than what ia due to the weighi of wa- 
ter contained in a given bulk of ateam. This additional 
tension due to the increase of temperature is equal to that 
which would result from heating the steam out of contact 
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with -water the differenCB of the degrees of temperature in 
the two caaee; and is, according to Regnauit ^^ of its value 
for each degree on Fahrenheit's scale. The gain that is ob- 
tained with steam of higher pressure by means of this addi- 
tional tension, is greater than the loss by its increased total 
heat; but if we include in the aocoitnt, as we ought to do, the 
important practical fact, that as the evaporation depends on 
the difference between the temperatures of the furnace and 
of the water in the boiler, and as this difference becomes less 
and less as the pi-essnre of steam is increased, the fuel with 
the higher pressure steam will produce a less evaporative 
result; — and add to this, too, the greater loss due to the 

greater radiation of heat from steam of higher pressure; 

we shall have the practical result actually obtained of the 
sensible economical equality of the fuel whether iow or high 
pressure steam be used. 

When steam is changed from a higher to a lower pressure 
by throttling, there is the same loss by condensation that ■ 
always follows such a change of pressure, be it from any 
cause whatever. This loss is due to the fact, that as the 
pressure is lowered the latent heat increases faster than the 
total heat decreases, the difference being found in the heat of 
the weight of steam precipitated into water. An opposite 
result is the erroneous opinion of many persons who, only 
considering that the total heat is greater with higher press- 
ures, imagine that the effect of throttling ia to "superheat" 
instead of to condense the steam; that is to say, that the 
steam of lower pressure resulting from the throttling of steam 
of higher pressure, will have a greater temperature by the 
difference of the total heats in the two cases than is normally 
due to its pressure; and on the ground that as the greater 
total heat existed previously to throttling, the same quantity 
must be present afterwards; quite overlooking the important 
fact of the change in the amount of latent heat in the two 
cases, which has so increased with the steam of lower press- 
ure as to overbalance the decrease of the total heat . and 
produce a condensation instead of a superheating of the wire- 
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drawn eteam. By superheated steam is meant steam of a 
temperature higlier than is due to its pressure were that press- 
ure obtained wholly by evaporation from water. 

There is still another effect of throttling to be considered. 
It is, when working without a cut<iir valve, the continuous 
decrease of pressure suffered by the steam diiriug the stroke 
of the piston; the result of which is that the steam is used to 
a certain extent expansively, the measure of expansion em- 
ployed boidg obviously determined by the relation of the iinal 
to the initial pressure; and the more the steam is throttled 
the more expansively it will be used. That such is the effect 
produced becomes evident if we attend to the causes in 
action. "With a fixed opening of throttle-valve (too small to 
admit the steam at a pressure at all approaching that in the 
boiler) the steam enters the cylinder at a certain pressure at 
the commencement of the stroke of the piston where the 
velocity of the latter is the minimum, this velocity continu- 
ously increases to the centre of the stroke and consequently 
the piston in equal intervals of time has continuously in- 
ci-easing space displacements which the throttle-valve open- 
ing, owing to its smallness, is only able to fill with steam of 
continuously decreasing pressure from the commencement of 
the stroke ; the result is that as the piston advances the 
spaces it vacates not being filled from the boiler with steam 
of equal pressure to that in the earlier parts of the stroke, 
the steam already in the cylinder admitted during tlinse parts 
expands to the equilibrium and in so doing develops ex- 
pansively an additional power which is a gain as it is ob- 
tained without direct cost of fuel. From the centre of the 
stroke of the piston to its end, the velocity continuously de- 
creases, but as the spaces to be filled are still gi-eater and 
greater while the throttle-valve opening through which they 
are to be filled remains the same, enough steam cannot be 
admitted from the boiler, notwithstanding the lessening ve- 
locity of piston, to fill them with steam of equal pressure to 
that admitted during the preceding parts of the stroke, the 
pressure will therefore continue to fall, but not nearly so rap- 
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idly as during the first half of the stroke, and the steam 
already admitted into tlie cylinder during the previous parts 
of the stroke will continue to expand and develop power 
expansively as before though not to ao great a degree. The 
general result is, that the effect of throttling steam is to use 
it expansively the measure of that expansion continually 
varying from one end of the stroke to the other, becoming 
cout n u Iv f, eater from the commencement to the centre of 
tl e et oke a d ontinuously smaller from the cenh'c to the 
ead of the st ote 

T bt n tl e full benefit of throttling, the throttle-valve 
must b pi ed 8 near the cylinder-port as possible, for the 
e£f ct of Tvhateve ■ expansion results is spread over the space 
f on the th ottle-valve to the piston when at the end of its 
st oke nd tl e dynamic efiect developed by the expansion in 
the space between the throttle-valve and the piston when at 
the commencement of its stroke is entirely lost. In fact in 
this respect tlie same consideration applies to the throttle as 
to the expansion-valve, namely ; that it is essential to its 
proper action that as little apace as possible intervene be. 
tween it and the piston at the commencement of the stroke. 
In the case of the Smithery engine, the throttle- valve was so 
distant from the steam-valve that much of the benefit other- 
wise derivable from it was lost. 

The advantages and disadvantages of throttling, pei- ee, 
may be briefly summed aa follows : The advantages are the 
virtual increase of the steam room iu the boiler, and the use 
of the steam more expansively. The disadvantages are the 
losses by evaporating steam under higher pressure ; by the con- 
densation due to the greater expansion ; and by the greater 
radiation from the boiler and eteam-pipes due to the higher 
pressure of the steam. Whether the advantages are greater 
than the disadvantages, or vice versa, depends upon conditions 
which cannot be generalized. In the majority of cases, under 
the conditions and with the proportions actually existing in 
the average of practice, there will be found a gain by throt- 
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iling; the value of the increase of steam room in the boiler 
and the consequent greater dryness of the steam, as Engi- 
neers phrase it, or feedom from water in the vesicular state, 
being more tlian enough to overbalance all the disadvan- 
tages. 

In the case of the Smithery engine, referring to the table 
of Comparative Eesults, and taking the mean of the first 
and second columns, we find that when tlie engine was 
worked without the cut-off valve the pressure of the steam 
at the commencement of the stroke was (16.9-J-14.1 =) 31.6 
pounds per square inch above zero, while at the end of tho 
stroke it was only 24.3 pounds per square inch above aero; 
difference 1.3 poi ds per squa e nch Ii comparing the re- 
sults, however, of the esper n ents w! en using the steam 
■with and without exi ^ns o t m st bo remembered that it 
was throttled in both cises tho d ffe nee in the cylinder 
between the initial p ess e and the p assure at the point of 
cutting-oif with tie expanded ste m being 1 pounds per 
square inch. The degree of throttling was therefore the 
same in both cases and neutralized its effect in a comparison. 

On a review of the preceding discussion, there is no difB- 
culty in comprehending how the results from the fuel when 
cutting-off the steam at 22 per centum of the stroke of the 
piston from the commencement, was only 16.85 per centum 
more than when using it ■without expansion. The measure of 
expansion really employed, it must be remembered, instead of 
that due to the point of cutting-off, namely, 4.11 times, was, 
owing to leakage only 2.S9t times, the theoretical gain due to 
which is .81i. 

In the first place, of the total beat due to the combustion 
of the fuel, only about 60 per centum was used in the gener- 
ation of the steam, reducing the theoretical gain at once to 
(.814X-60 =) .5244. Supposing the loss of heat by radia^ 
tion from the boiler and steam-pipe to have been 10 per cen- 
tum, this amount will be reduced to (.5244 — 5244X-10=) 
.4120; and as of the quantity of heat entering the cylinder 
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CSINa STEAM EXPANSIVELY. 

with tbe steam, there was lost by the condensation due 
to the fact of expansive per se 33.36 per centum or 
(.3336X.4T20=) 15.T5 per centum of the fuel, this amount 
will be further reduced to (.4120— .1515=) .3145 of which 
there was actually realized .1685, leaving (.3145 — .1685=) 
,1460 for the losses due to leakage of steam past the cylin- 
der valves and piston without producing dynamic effect 
upon tho piston, and to the space comprised in the cylinder 
clearances and ports. The effects of throttling, back press- 
ure, and radiation, were sensibly the same in both cases. 
The space in the clearance and port of the Smithery en- 
gine at one end of the cylinder was very small, being only 
3| per centum of tlie space displacement of the piston per 
stroke, and as the actual measure of expansion was only 
2.397 times, the loss from this source when using the steam 
expansively was about 4.60 per cenfuro, leaving for the loss 
by leakage past the valves and piston {14.60 — i.60=) 10 
per centum. 

It is, of course, not supposed that the prcportions in the 
above distribution are rigorously correct, for from the nature 
of things they can only be approximated, but the distribu- 
tion is right in kind, the final result is right, and the propor- 
tions are sufBciently near the truth to clearly show why the 
experimental result should be as it was, and to practically 
enable us to discern the direction and limit of improvement. 
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Experiinents made in Jlpril and May, 1859, on the Myltitu- 
Mar BoUer o/Thoma8 Pe0S8EE, at Jfo. 28 Flatt Street, 
JVot York City, by Chief En^neers B. F. IsherwOOD, 
Wm. E. Everett, and J. W. Kixg, U. S. JV., by order 
of the JVavy Department. 



Mr. Thomas Pbosser having invented a new mettod of con- 
structing close surface condensers and multitubuUi bfiilere 
for the purpose of using at sea steam of veiy bigh pleasure 
with condensation but without an air pump, and of supply- 
ing and recuperating the boiler with dibtiUed feed w iter, 
invited the attention of the United States N'lvy Depiitment 
to a specimen of the machinery constructed on his system 
and regularly performing the work of bis shop at number 28 
Flatt Street, New York City. Accordingly, Chief Engineers 
B. F. IsHERwooD, Wit. E. Everett, and James W. King were 
ordered by the Secretary of the Navy to form a Board ; and 
they were directed to examine the system of Mr. Prossek, to 
experiment with his machinery, and to report the results. 
This Board, after making a very careful set of experiments, 
reported in extenso upon the proposed system, upon the plan 
of constructing the condenser, and upon the boiler, as the 
subject naturally separated into these divisions. In the pres- 
ent paper will be found the facts ascertained and the infer- 
ences drawn as regards the boiler alone. The Eeport is fol- 
lowed as closely as possible, something more fully explana- 
tory of the matter is occasionally added, and sometimes para- 
graphs are transposed for convenience ; the calculations also 
have been revised and some slight corrections made, hut 
nothing has been changed to alter in the least the substantive 
facts and opinions arrived at by the Board. 
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Conditions to he satisMed by the SSoiler. 

Before proceeding to a descriptiou of the boiler, it is proper 
to premise with the conditiona that it was designed to fulfill ; 
they may be briefly summed aa follows, namely ; 

1st. Great economical evaporative efBciency ; to accom- 
plish which the proportioE of the heating to the grate surface 
was made enormously large beyond all precedent for boilers 
employing only a natural draught, while the iron composing 
the heating surface was of the minimum thinness. By great 
economical efSoiency is meant the evipoiation of agie^t 
weight of water pei unit of weight of fuel 

3d. The superheating of tha steam to such a degree that 
after the reduction of its tempeiituie by external radia 
tion, by expansion m the cylmdei and by refiigeiation 
due to the varying temperatures of the interior surfaces 
of the cylinder, it would retain suflicient heat fram the 
moment of its generation to that of its exhaustion fiom 
the cylinder, topie^eot any condensation and tonsequent 
ly to entirely save the large loss fiom that sjurce To 
accomplish this in an easy and ecommical m'jnner the heit 
ing surface was placed m a vertical position and the products 
of combustion were made to traverse it vertically, passing 
first through the water and afterwards through the steam- 
room of the boiler. 

3d. As the system proposed by Mr. Prosser was based on 
the employment of steam of an excessively high pressure, 
the boiler was designed for much greater strength than is 
possessed by the usual forms of high pressure boilers. To 
obtain this unusual degree of strength, it was composed al- 
most entirely of cylinders, all of which, with one exception, 
were tubes not exceeding 3 inches in diameter : the Sat sur- 
faces were very limited and closely braced by the tubes them- 
selves. 

4th. Miniraum weight both of the boiler and of the water 
within it. To accomplish this the width ofmuehof the water 
space was made h inch, and but very little of it exceeded 1| 
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inch. The materia! of the hoiler was chiefiy thin tuhus, and 
there was a total absence of hracing'. 

5th. Minimum space occupied hy the boiler. To accom- 
plish this the heating surface was not only composed of tubes 
of very small diameter but many of them were arranged to 
form couples, one tube being placed within the other, and 
there was no space lost between the furnace and the tubes. 

6th. The boiler was intended for evaporating only pure dis- 
tiUed vialer. Not even the purest spring or river water can 
be used with it. Its employment, therefore, is only possible 
in connection with a surface condenser and a system of re- 
cuperative supply that will replace the loss by leakage with 
distilled water also. 

Of the Type of JProsaer's Boiler. 

The mechanical means of satisfying all the preceding con- 
ditions happily meet in the type of boiler to which Mr. Pross- 
er's belongs ; and although this type has never achieved a 
permanent success, yet as it has been long known and used 
in practice on a respectable scale, that fact deprives Mr. 
Prosser of the merit of its invention ^nd restricts his claim 
solely to his novel method of arranging the tubes in connec- 
tion with their plates. The general features of this type of 
boiler (an account of a specimen of which may bo found on 
pages 68 and 69 of the Treatise on the Steam Engine by the 
Artisan Club, published in 1846) are as follows, namely : 

The tubes are placed vertically immediately over the fire- 
grate, and the lower tube-plate forms the crown of the fur- 
nace, The products of combustion ascend through the tubes 
and emerge into a dome-sliaped smoke connection whence 
they are discharged into the chimney. The upper tube-plate 
forms the bottom of the smoke connection. A continuous cyl- 
indrical shell envelopes furnace and tubes, and between 
them are the water and steam, the latter surrounding the 
upper part of the tubes, and the former surrounding the lower 
part of the tubes and the furnace. That tlie upper part of the 
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tabes shall be aurroTinded by the steam while their lower part 
is immersed in the water, is a necessity of this arrangement, 
and forms coincidently a very convenient method of super- 
heating the steam, by which is meant heating it above the 
temperature normal to its density as 'saturated steam or 
steam raised directly from water. For not only is the steam 
superheated by this arrangement without requiring any sep- 
arate vessel or additional parts for the purpose, but it is 
superheated without danger in the case of staiionary boilers, 
because the temperature of the products of combustion are 
reduced far below a rod heat before they impinge upon that 
portion of the tubes which is unprotected by water. The low 
Bpecifie heat and conducting power of steam render it so poor 
a transmitter of heat that a very considerable extent of tube 
surface at the temperature of from 450° to 550'^ Fahr. is re- 
quired to produce the moderate superheating of from 35° to 
40° Fahr., and this extent of surface can be easily obtained 
in this type of boiler by a mere elongation of the tubes. To 
produce the amount of superheating just mentioned, and of 
the degree and under the conditions stated, will require a 
heating surface above the water-line of about twenty-four 
times the area of the fire grate. To obtain this in a separate 
vessel, or by additional parts, involves a bulk, cost, inconven- 
nience, and danger, that has thus far prevented recourse to 
superheating with other types of boiler. Even with this type 
the certainty of safety is restricted to Btationary boilers, for it 
is well known that metals when at a black heat or about 100" 
Fahr. evaporate water with excessive rapidity, and in the 
case of sea-going steamers whose violent and irregular move- 
ments would occasionally swash the water high upon the up- 
per and highly-heated part of the tubes, a sudden evolution 
of steam might take place in such quantities as to produce 
rupture ; particularly upon starting the engine after it had 
been some time at rest with full fires buiming and the damper 
nearly closed. It may be answered that the mass of matter 
in the part of the tubes out of water in conjunction with the 
specific heat of the metal, is not equal to this effect, eepe- 
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cially when the ehort time U considered during which the 
metal and water would be in contact by tlie swashing ; but 
an area of iron or brass tubes of twenty-four times the grate 
surface and having the t«iapevature stated, will evaporate 
and with great suddenness a large quantity of water thrown 
upon it at a temperature varying from 250° to 300° Fahr. ; 
and a permanent careening of the vessel might on starting 
the engine after it had been some time at rest with full fires 
burning, bring a large mass of water in permanent contact 
with the upper part of the tubes when in their most highly 
heated state. 

In comparing the space occupied by this type of boiler 
and by the usual multitubular boiler having horizontal fire 
tubes retunied above the furnace, it must be premised that 
the only practicable method of putting in the vertical tubes or 
of taking tliem out, is through the smoke connection on top. 
This connection, therefore, must be made of the height of 
the tubes, for although they could be divided lengthwise into 
one or more parts and screwed together, and thus be got in 
with proportionately lees height of smoke connection, yet the 
difficulty, cost, and uncertainty of such an operation, would 
prevent its being had recourse to in large boOere, and even 
then there must be left sufficient height in this smoke-box for 
men to work in fitting the tubes to their plates, and also for 
sweeping the tubes as tbey cannot be swept from below. In 
small land boilers the top of the smoke-box may be entirely 
removed for these purposes, but with large boilers, particu- 
larly in the hold of. a vessel and closely decked over, such an 
operation is out of the question, and under the most favora- 
ble circumstances the labor and time required would be seri- 
ous objections. If, then, we make this smoke connection of 
the same height as the tubes, it will be found that for equal 
grate and heating surfaces and capacity of steam room, 
the two types of boiler will displace about the same space; 
the greater bulk of this smoke connection above the tubes in 
the one type compensating the space which with the other 
type intervenes between the bridge-wall or further end of the 
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grate and the nearest tube plate of tlie horizontal tubes. 
Thia space, it will be observed, is, with the type of boiler we 
are discussing', entirely saved, becanee the crown of the fur- 
nace is the bottom plate of the tubes; and there is also saved, 
additionally, the water space of about 6 inches in width, 
which surrounds it. 

The shell of the usual horizontal tubular boiler is rectan- 
gular, while that of the other type is cylindrical, consequently, 
the latter will require more space in tho vessel due to this 
difference of form, because, were several boilers employed, 
the greater part of the spandrels would not be avaOahle for 
other uses. The cylindrical form of shell is with this type a 
necessity, hecauae, as its entire iaterior is occupied by tubes, 
it cannot bo braced across. If much pressure is to be car- 
ried the diameter of the shell will he obviously very restrict- 
ed, and a large number of boilers will be required to furnish 
a moderate amount of power. 

The usual horizontal tubular boiler possesses a great ad- 
vantage in the less height under -which it can be conveniently 
aiTanged, for this dimension is of the first importance with 
marine boilers though not for land ones. Now the type of 
boiler with which we are comparing it properly requires a 
height of about 14 feet, which is inadmissible on board any 
hot first class vessels and would esclude it from smaller ones 
even were there no other objections. 

In comparing the weights of the two types of boiler, it 
will be seen that the usual horizontal tubular one has a mass 
of bracing and the water-casing to the smoke space inter- 
vening between the bridge-wall and first tube plate, which 
are wanting in the other ; but this type, on the other hand, has 
a greater weight of shell, even if only a very moderate power 
is to be furnished, owing to the restricted diameter of the 
shell imposed by conditions of strength and by arrangement 
of furnaces. A compensation is thus established between 
the two, that would probably leave but little difference of 
weight in favor of either. As regards weight of water in 
the boilers, the horizontal tubular one contains the most. 
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in solid water and foam, they must all have equal evaporative 
efficiency and discharge their gases at the same temperature ; 
whereas in the horizontal tubular boiler such equal distri- 
bution of the heat is, from the arrangement of the tubes one 
above the other, impossible, and the heated, gases are dis- 
charged afc temperatures which vary -widely for the upper 
and lower rows owing to the difference of their heat-absorb- 
ing efficiencies duo to the fact that the upper rows are im- 
mersed in mere foam, while the lower ones are surrounded by 
comparatively solid water. The temperature of the gases as 
they emerge from the upper rows of boriaontal tubes, is fre- 
quently high enough to melt zinc (tTS" Fahr.), while the 
temperature of those emerging from the lower rows will 
scarcely melt tin (440" Fahr.). 

The type of boiler we are describing is utterly unfit for 
use with any other than distilled water, on account of tlie in- 
accessibility of the tubes. They can neither be examined, 
nor scaled, nor washed free of mud ; while the tube plate 
forming the crown of the furnace is, from its horizontal posi- 
tion, the recipient of all solid matter in the water, and is 
exposed to the direct and most intense heat of the fire. 

As regards the circulation of water within the boiler, it 
must be precisely the same as within a dinner-pot, and for 
the same reason, namely; that the entire horizontal projection 
of the boiler is placed over a uniform fire of tbe same form 
and area, and receives an equal amount of heat on every unit 
of its surface. 
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Having thus pointed out the general features of thia type 
of boiler, we will now describe the particular variation in- 
vented by Mr. Phossee. 

Ifescripiion of the Grosser JSoiler. (Plate III.) 

The point of difference between the multitubular boiler of 
Mr. Prosseb and others of the same type, consists in the en- 
semUe of the tubes and the tube plates. The peculiarity is 
purely a mechanical one and does not involve any new appli- 
cation of physical principles, nor it is attended with any differ- 
ence of result as regards the generation of the steam or the 
combustion of the fuel. The heat is developed and applied 
to precisely the same kind of surfaces and in the same rela- 
tive position; and the steam is generated and treated through- 
out in precisely the same manner as in all boilers of this type. 

A conception may be obtained of the Prossbr boiler from 
the following description of the one experimented on at No. 
38 Piatt street, New York; reference being had to Plate III., 
where it will be found represented in complete detail. 

First, as regai-de the tubes and their plates; Suppose a 
rectangular box or hollow parallelopipedon, 11 inches square 
and 1| inch in height, to be placed immediately over the fire- 
grate and 19^ inches above it: this box is called by the in- 
ventor a hollow slab. Immediately above it and at a dis- 
tance of 28 inches there is placed a hollow cylinder of 30 
inches diameter and 26 inches height: the axis of the cylin- 
der is vertically over the centre of the slab. Into the upper 
side of this slab and lower end or base of the cylinder there 
are fastened twenty-five iron tubes of 2 inches external diam- 
eter and 28 inches length in the clear; and through each of 
those 2 inches tubes— with the exception of the centime one- 
there is passed an iron tube of 1^ inch external diameter and 
55| inches total length, one end of which is fastened into the 
lower side of the slab and the other end into the up'per end 
or top of the cylinder. These tubes are thus ( 
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pairs, tho tubes of each pair having their axes coincident 
and forming an annular space between them. The water 
occupies the interior of the slab, the annular spaces between 
ttie 2 and 1| inch tubes, and the lower part of the cylinder to 
the depth of 6 inches: the cylinder may be made of any 
height required to give the necessary steam space above the 
water. The IJ inch tubes pass, of course, through and 
through both slab and cylinder. 

In order to fasten the ends of the 3 inches tubes to the base 
of the cylinder and to the upper side of the slab, there must 
be made in the upper end or the top of the cylinder and im- 
mediately opposite to the tubes, holes of about 2^ inches 
diameter which, after the 2 inches tubes have been secured 
to their two plates, are closed by screw plugs into which the 
upper ends of the 1 J inch tubes passing through the 2 inches 
ones, are in their turn fastened. The hollow slab is com- 
posed of T^ inch thick iron plate ; the top and bottom are 
got out in separate pieces with an edge turned up on 
the four sides, these edges are then doweled together by 
wrought-iron pins and the whole being heated the halves 
are welded together. 

The slab is a little less in horizontal dimensions than the 
fire-grate immediately over which it is placed; this is requi- 
site in order to allow part of the products of combustion to 
pass up around the sides and obtain access to the outside of 
some of the 2 inches tubes. To allow the remainder of these 
products to reach the outside of the rest of the 2 inches tubes 
the top and bottom of the slab are perforated and connected 
across by short vertical tubes or thimbles l|inch loug and 
IJ inch external diameter, one of which occupies the centre 
of each square formed by four 2 inches tubes. In order to 
carry the products of combustion into the chimney from the 
Space surrounding the 2 inches tubes, the upper and lower 
ends of the cylinder aro similarly connected by iron tubes of 
IJ inch external diameter and 26^ inches length — the height 
of the cylinder : these tubes are placed vertically immediately 
over the corresponding ones in the slab beneath, and it is by 
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94 THE PHOSSEK BOILEB. 

passing a brush througli them that the outside of the 3 inches 
tubes are swept of soot. 

The fire-grate is a hollow paralielopipedon or slab I|incli 
in height and 18 inches square ; its top and bottom are per- 
forated and connected directly across fay one hundred short 
vertical tubea or thimbles I| inch in length and 1 inch in ex- 
ternal diameter. Tliia slab is filled with water and forma a 
water-grate upon Tvhich the combustion of the coal takes 
place, the air obtaining access to it from the ash-pit beneath 
through the one hundred thimbles. 

A row of iron tubes 3 inches in externa! diameter and 44^ 
inches long in the clear, touching along their entire length 
and having no interval between, is placed around three of the 
four sides of the water-grate and connected with it so that 
the interior of the tubes and of the gi'ate communicate. These 
tubea rise vertically and passing the slab that forma the 
crown of the furnace, are fastened into the base or lower end 
of the hollow cylinder; thus joining the water spaces of the 
grate and cylinder, and forming the sides of the furnace, and 
enclosing the space around the pairs of tuhes between the 
lower end of the cylinder and the slab that forms the crown 
of the furnace. Immediately over the fourth side of the grate 
and separated from it by a space 1| inch high, is a hollow slab 
1| inch thick, 15 inches wide, and 10 inches high, forming 
the lower portion of the front of the furnace. This slab con- 
tains water, and the two sides of 15 by 10 inches are perfor- 
ated and connected directly across by forty-two short hori- 
zontal tubea or thimbles of -^ inch external diameter and IJ 
inch length; through these thimbles air is admitted into the 
furnace above the solid fuel according to the plan recom- 
mended by Williams. The opening or door for firing the fur- 
nace is through this slab, and is a semi-circle of H inches 
diameter, the diameter coinciding with the top of the slab 
and the curve being below. The space above mentioned of 
1 1 high which intervenes between the grate and this slab, is 
for the purpose of slicing up the fires and raking out the ashes 
and refuse ; it also admits air to the solid part of the fuel. Im- 
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mediately above the hollow slab just described and separated 
from it by a space of I| inch, there ie another hollow slab 
of 1| inch thick, 15 inches wide, and 8^ inches high, forming 
the upper portion of the front of the furnace; this slab con- 
tains water also and communicates with the one beneath it 
through two short vertical tubes — one at each end — of 1 inch 
estemal diameter and 1| inch length in the clear. Into the 
top of this slab and communicating with it, there is fastened 
a row of vertical iron tubes similar to the row already de- 
scribed around three of the sides of the grate. These tubes 
are 3 inches in external diameter and 25 inches in length in 
the clear ; they touch each other along their entire length and 
have their upper ends fastened into the base or lower end of 
the cylinder, thus joining the water spaces of the two hollow 
slabs that form the furnace front with the water space of the 
cylinder, and making the fourth side of the apace around the 
pairs of tubes between the lower end of the cylinder and the 
slab that forms the crown of the furnace. The rows of 2 inches 
tubes just described and which form the four sides of the 
boiler below the cylinder, arc fastened at their extremities in 
the following manner, namely; The ends — top and bottom — 
are closed up solid,; they are then tapped and into them are 
screwed short pipes 1| inch long in the clear for the bottom 
and 2-i- inches long in the clear for the top end; the thread is 
cut upon the whole length of these pipes and before they are 
screwed into the ends of the tubes two nuts are placed on 
each pipe; the remaining end of each pipe is then screwed 
either into the top of the hollow slab or into the base of the 
cylinder as tho case may be, after which the nuts are set up 
to form a joint. The periphery of the cylinder overhangs the 
s^iuare water-grate slab equally on its four sides, and each 
projecting segment contains fifteen iron tubes of 1 J inch ex- 
ternal diameter and 2^ inches length, through these tubes 
part of the products of combustion pass on their way to the 
chimney. These products obtain access to the IJ inch tubes 
through the spaces, | inch wide by S-^ inches high, between 



Hosted by 



Google 



96 TEE PROBSEE BOILER. 

the short pipes which connect the upper ends of the 2 Jiichea 
tubes with the base or lower end of tbe cylinder. 

The cylinder is surmounted by a hemispiicre of the same 
diameter, and the products of combustion from all the tubes 
are received into it and discharged through a chimney 12 
inches in diameter placed at the summit. 

The steam-pipe has an interior diameter of I^ inch ; it rises 
from the centre of the upper end of the cylinder, describes a 
quadrantal arc through a portion of the dome, and passes out 
horizontally to the engine. 

The feed-water enters through a pipe of 1 inch diametci 
which passes entirely through the hollow slab that form^ the 
upper part of the furnace front and discharges into the hoi 
low slab that forms the crown of tl]e furnace. The inventor 
deems it essentia! that the foed-water should be recen ed into 
this particular slab. 

The exterior of the vertical rows of 2 inches tubes which 
form the four sides of the boiler between the cylinder and 
water-grate, was cased up with boiler plate which descending 
16 inches below the grate formed the ash-pit. 

The following are the general dimensions and proportions 
of the boiler. The heat-absorbing surface is calculated for 
tho area acted on by the products of combustion — not the area 
from which water is evaporated ; 

Extreme height of the boiler from bottom of aeh-pit to top of 

dome 8.75 feet. 

Diameter of the oylladvical part of the boiler (ite greatest hori- 

Kontal dimension) 2.50 " 

Contents of a pm'ftllelopipedon circnmsotlbiDg the lioiler 64.69 cub. ft. 

Area of Ilre-grale (ISinchessquare) 2.25 eq. ft. 

Water-heating Burfaoc on top of water-grate. . . . 1,3167 eq. ft. 
" " !u liollow slab formingtop 

of furnace 3.7320 " " 

" li 11 the IJincli long tubes or 

thimbles in ditto 0.6642 " " 

" " " base or lower end of the 
cyliudrical part of the 
boiler 4.1180 " " 
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Water-heating surface In 2 inoiies tubes conaeol^ 
ing the cylindrical part 
witb the hollow slal) 
forming the top of tie 

furnace 28.6320 sq, ft. 

" " " IJ inch tubes inaido the 

above 2 inches tubes. ..23.5SI8 " " 
" " " IJ inch tubes inside the 

cyiiadrioal part of the 

boiler 12.4334 " " 

" " " 3 inches tubes Joining 
water-grate and cylin- 
drical part 35.7853 " " 

" " " hollow slab forming the 

lower part of the furnace 

front 1.2G39 " " 

" " " hollow slab forming the 
upper part of the furnace 
front 1.3SS9 " " 

Total aurfiiee in boiler immersed in water and acted on by the 
products of combustion 112.86 eq, ft. 

Total surface in boiler immersed in the steam and acted on by 
the products of combustion to superheat it (cont^ned in the 
IJ inch tubes in the cjlindrioal part) , 5i.4i) " >■ 

Minimum calorimeter or aggregate area for the passage of the 
products of combustion O.filS " " 

Cross-section of the chimney 0,7854 " " 

Height of the chimney above the level of the grate 48,5 feet. 

Weight of water contained Ja the boiler at 212" Fabr., at 6 
iochea above upper end of cylinder 340, pounds. 

Capacity of steam-room g.H cub. ft. 

Area for admission of air through the water-grate 0.69 sq. fi, 

Eatio of water-healing eurfaoe to grate sui'f^e 50.160 to 1,000 

" steam superheating surface to grate surface 24.178 " " 

" air-openings in grate to total grate surface O.307 " " 

" minimum calorimeter to grate surface 0.273 " " 

From the foregoing description of the boiler, it is obvious 
that its use is only practicable with distilled or absolutely 
pure water, as its evaporating surfaces aro wholly inacces- 
sible. Even river or spring water could not be used, for the 
slight deposit from it would soon choke up the -^j^th inch an- 
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nular space between the double tubes. It is indeed proposed 
to use it with distilled water only, but as it is manifestly im- 
possible to rely with certainty on the perfect action of any 
sarface-condeneing and recuperating mechanism, it would be 
absurd to adopt a boiler which in the event of a failure of the 
full supply needed of distilled water would render the ma- 
chinery useless. 

The exteriors of the 2 inches double tubes ave'very difficult 
to sweep of soot ; and in the event of leaks in most of the 
tubes, either in their length or joints, it would be impossible to 
discover the tube or place, and if discovered, the removal of 
the tube, and its replacement would require a great deal of 
time and labor, and possibly a degree of skill not always to 
be commanded. 

For marine purposes the height required by this boiler is 
inadmissible except for vessels of the largest size; the least 
height in which it could be placed with due regard to clean- 
ing and repairing being 14 feet. It is true that the extreme 
height of the experimental boiler was 8f feet, but in order to 
sweep its tabes or replace them the dome and chimney had 
to be removed. This is practicable enough with a boiler 
whose greatest horiaontal dimension is 2^ feet — about that of 
a large stove — but with boilers of the dimensions required for 
steamers of the most moderate size, the idea of such an opera- 
tion is not to be entertained. 

The novelty as regards this boiler consists, as has been 
observed, in the arrangement of the tubes in conjunction 
with the hollow slabs, by which means the steam pressure for 
all parts except the hollow cylinder is exerted within 3 inches 
diameter tubes, upon 1 J inch and 1 inch diameter tubes, and 
within hollow rectangular slabs of the very shallow dimen- 
sion of 1| inch in one direction while in the other their flat 
surfaces are braced about every inch bythe tubes themselves. 
The hollow cylinderit3elfi3,it is plain, precisely the same ex- 
cept in proportions as the hollow slabs ; in fact it is a deep, in- 
stead of a shallow slab, and round in plan instead of rectan- 
gular. If the depth of the hollow cylinder could Lave been 
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made the same as tbat of the slabs, namelj-, 1| inch, then the 
whole builer would have presented a distribution of material 
which for the weight employed will give the maximum resist- 
ance to internal pressure. In fact it may be confidently 
said, that the arrangement of small tubes in conjunction 
■with shallow holl^iw slabs as designed by Pkosseb, is unap- 
proachable by any other possible distribution of the material 
for the resistance of interna! pressure in cases where a 
number of tubes is required ; and in this respect it is 
worthy of praise and admiration, and may prove of groat 
utility in the experimental solution of many problems in 
natural philosophy. The weakest part of the boiler, then, 
is the deep hollow cylinder containing the steam-room ; its 
weakness lies in its sides and is caused by its depth, for al- 
though its two ends are flat surfaces, yet as they are closely 
braced across by tuhes, they present a resistance to bursting 
pressure equal to that of the tubes themselves. What is the 
measure of the strength of this hollow cylinder 7 Is it ce(en"s 
paribus, in the direct ratio of the diameter ? It would be so 
were it of indefinite length, but as its length is only 26 inches, 
and as it has solid ends braced rigidly apart at close intervals 
by stiff tubes so as to be incapable of receding from, or ap- 
proaching each other without first tearing asunder or crushing 
them, this ratio will be modified and possibly to a very con- 
siderable extent in favor of strength. 

Let us examine this matter a little in detail. The problem 
is one of a hollow cylinder with solid ends braced directly 
apart, subjected to internal steam pressure. What is the 
measure of the strength that prevents the cylinder from divi- 
ding on two opposite lines parallel with its axis ? And wliat 
is the measure of the total pressure tending to produce that 
division ? This pressure is evidently measured by the pro- 
duct of the length and diameter of the cylinder and the press- 
ure per unit of surface. The strength is as evidently meas- 
ured by the area of metal required to be torn directly asunder. 
What is that area ? It would be the sum of the sections 
through two opposite sides of the cylinder provided the solid 
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enda were absent, but as tliey are present the cylinder can- 
not divide on tbese sections witliont at the same time divid- 
ing the two solid ends on tho line of the diameter connecting 
the sections througli the two opposite sides of the cylinder ; 
hence the strength to resist bursting will be measured by the 
area of the metal on the two sections of division on the cylin- 
drical surface, and on the two sections of division on the 
diameter of the ends. Supposing the thickness of the metal 
of the cylinder to be uniform, then the strength will be in the 
ratio of twice the length of the cylinder plus twice the diam- 
eter of the cylinder, or more simply in the ratio of the sum 
of the length and diameter of the cylinder, while the bursting 
pressure will be in the ratio of the product of that length and 
diameter. We thus perceive that with the cylinder the same 
in all respects except length, the total bursting pressure will 
increase in the direct ratio of the length while the strength 
to resist this pressure will decrease in the ratio of the sum 
of the diameter and length ; hence, as the length of the 
cylinder is increased, the diameter being constant, there will 
be a 'continual decrease of strength, the longest cylinder 
being the weakest. 

In the case of the hollow cylinder of the Prosser boiler, there 
is a modification of the general law due to the fact that one- 
half the seijtion of the lower end is cut out by the tubes 
though theyonly cut through one-third the section of the up- 
per end ; consequently the strength of this cylinder, which 
is 26 inches long and 30 inches in diameter, will be measured 
by (26-1-4^=) 41, while by the calculation based on the 
resistance of the sides alone, it will be, comparatively, 26. 
The relative strength as by the two methods of calculation 
will then be as 26 to 41 o as 100 to 1 8 ne ! shon n^ a 
gain of strength of 68 per ce tum du to tl c sol d en Is 

In rapport of strength, tl e 1 st t t on ot tl e m te Is n 
the Prosser boiler produces the max mu effect vad s un 
ec[ualed by any other form nlti s too -w tho ttleemjl y 
ment of a single brace, The same aiian^emcnt also, inci- 
dontally, reduces the weight of contained water to a minimum; 
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but tliese advantages are purchased at the expense of access- 
ibUity — a fatal price— and would be too dearly paid for by 
the host of resulting disadvantages. Inaccessibility alone is 
conclusive against the permanent success of any kind of 
ateam machinery. The preesuio of steam to be carried in 
practice is not regulated by the maximum strength of boiler 
possible to be obtained, but by many other conditions whoUy 
unconnected with this strength; and in no case yet has the 
pressure been approximated to the strength of boiler attain- 
able with the usual forms by well known modes of bracing 
and hooping; coneequontly the practical value of the superior 
strength of the Prosser boiler, however desirable in itself, is 
not great enough to enter as a very important factor in the 
determination of its adoption, 

A description and engraving of a boiler of this type, but 
having its heating surface an-anged in the simplest form, -will 
be found on pages 68 and 69 of the edition of 1852 of the 
" Treatise on the Steam Engine," originally published by the 
Artisan Club in 1846 It was employed on board a tug 
eteamei plying on the river Thtmes Ml the tubes extended 
vertically from the tube plate which formed the crown of the 
fui-nace to the tube pKte which formed the bottom of the 
smoke connection ind the water using Phosser's proportions, 
would covei two thuds of then length leaving one-third for 
Buperhcating the steim in prccibely the same manner as in 
the Prossei b iilcr The steim pressure is wholly on the out- 
aide of the tubes which are enveloped by a cylindrical ahell 
of the same diameter as the hollow cylinder of Prosser's 
boiler, still using his proportions Now the strength of a 
boiler is meisuied by that of its weakest part, and tlie weak- 
est part of both Prosser s boiler and the one we are describ- 
ing is this cylinder; but it is the sti-ongest owing to its less 
length in Prosser's. How much stronger E Employing the 
proportions of the Prosser boiler, which are as good and as 
convenient for one variety of the same type of boiler as for 
the other, the diameter of the cylinder would be the same in 
both, namely, 30 inches; but its length, which is only 26 
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inches with Prosseb's, would with tlie otherboilerbe 11 inches, 
which ia the length from the top of the cylinder to the bottom 
of the fire-grate with Peosser's, and cutting out equal portions 
of the solid ends for the tubes, wo shall have, with equal 
pressnre and tiiioliness of metal, the strength represented by 
^17_j_^=) 93; while by the calculation based on the resist- 
ance of the sides alone, it. will be comparatively 11. The rela- 
tive strength by the two modes of calculation will then be as tl 
ix> 93 or as 100 to 120, showing a gain of only 20 per centum, 
while with the Prosser boiler this gain was, as we have seen, 
58 per centum. Again, taking the strength of the cylinder in 
the Prosser boiler to be represented by 41 as before determin- 
ed, the pressure may be represented by the product of its diam- 
eter and length, namely (30X26=) 180, and the division of 
the former by the latter will give {tVd-=) -0536. In the 
same manner the strength of the cylinder of the other boiler 
being represented by 93 and the pressure as before by the 
product of its diameter and length, namely, (30X11=) 
2310, wo obtain by dividing the former by the latter (ij-fr^=) 
.0399, Hence the relative strengths of the cylinder in the 
two boilers will be as .0536 to .0399, which is an excess of 
strength in favor of Prooser's of ( "^ ^iX°'"'' =) 33 per 



This boiler requires tht same height as Prosser's, and it 
contains more water , but a considerably larger amount of 
grate and heating surfice tan be plited within the same 
circumscribing paiallelopipedon, uoing tubes of the same 
diameter. The tubes can be easily swept of soot, and re- 
moved, and replaced , and if a leakage occur it can at once 
be discovered. The whole boilei, m fact, from the greater 
simplicity of its construction eontaine in a given circum- 
scribing parallel opipedon more power, is cheaper to make 
and repair, and is practically attended with the least 
trouble and inconvenience. If such a typo of boiler were to 
be employed, this arrangement ie preferable to I 
neither is admissable for marine purposes. 
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The boiler of the tug eteamer just described exploded, as 
was reasonably to be anticipated as it used the water of the 
river Thames and could neither he examined nor scaled. 
Previously much difScuUy was caused by the cracking of the 
lower tube-plaffi between the tubes. 

The Prosser boiler has now been in use about 20 months 
for 10 hours of each day excepting Sundays, and it shows no 
appearance of deterioration, but it has always been supplied 
wholly with distilled water. 

The conditions controlling the advaatagoa to be derived 
from the use of superheated steam have yet to be discovered 
by experience. No attempts to use it have thus far been per- 
manently successful, and it is doubtful whether under any 
circumstauces it can judiciously be carried very far on ac- 
count of the practical inconveniences resulting from the high 
temperature. When the heating^ surface of the boiler is in- 
sufficient to properly absorb the beat of the products of com- 
bustion, and they pass off at a very liigh temperature causing 
a great waste of fuel, then the addition of more surface even 
in the steam loom is beneficial, as whatever additional heat 
is extracted by the steam is so much clear gain. The addi- 
tion of tho tubes of the superheating apparatus increases by 
their capacity the steam room of the boiler and goes to mit- 
igate the evil of priming; this is in itself a great advantage 
wiLh boilers of limited steam room; besides which the water 
primed over lodges in these tubes and is there evaporated 
into steam, and the waste heat from the boiler tubes proper 
is thus profitably applied to the production of more steam as 
well as to the superheating of that which has already been 
generated. But in properly proportioned boilers of good type 
where the heating surface is large enough to absorb all the 
heat from the products of combustion excepting what is , 
necessary to produce the draught, and where the steam room 
is high enough and capacious enough to prevent priming, 
there will brobablybe found but little advantage In reducing 
the temperature of the products of combustion to the same 
degree by less heating surface in water and superheating the 
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steam. It is only badly proportioned boilers that can be 
made to give greatly increased results by superheat! Eg their 
steam. 

IPescription or the Stmm Engine by means 
of which the foUowing Mcperiments were 
made tcith the Prosser Seiler. 

The steam engine with which the experiments on the Pros- 
ser boiler were made, consisted of one vertical cylinder fitted 
with an unpacked short slide steam valve, and a slide expan- 
sion valve working on a separate seat immediately in front 
of the steam valve; both moved vertically and were actuated 
by eccentrics. In front of the expansion valve and close to 
it, was a butterfly throttle valve controlled by a governor ; 
and in the steam pipe, but at a considerable distance from 
this throttle, there was another controlled by hand; both were 
in use during the experiments. The cylinder had no relief 
valves for discharging the water resulting from condensation 
of steam in it. The steam pipe was about ten feet in length 
and composed of If inch diameter gas pipe; it was well pro- 
tected by felt, as was also the feed pipe to the boiler; but 
the cylinder itself was uncovered. The hollow cylinder of 
the boiler containing the steam was well felted. The Indi- 
cator was attached to the cylinder top and bottom by pipes 
of a few inches in length. 

The engine had a Surface Condenser but no air-pump, and 
in addition to this condenser for condensing the exhaust 
steam there was a Still Condenser of the same construction 
for replacing with distilled water the feed water lost by leak- 
age. There was yet another vessel (the duplicate of the 
Still Condenser) attached to the condensing apparatus and 
called the Heater Condenser into which the steam was first 
exhausted from the cylinder and through which it passed 
on its way to the Main Condenser. The water of condensa. 
tion from the Main Condenser and the recuperative supply 
from the Still Condenser, were drawn off hy the feed pump, 
and forced through the Heater Condenser in order to obtain 
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from the exhaust steam an incrcaae of temperature before 
entering the boiler. There was no circulating pump for sup- 
plying the injection water, which was obtained from the Cro- 
ton Acqucduct and ran off by its gravity after reaching the 
overflow pipe in the condenaer. The back pressure in the 
condenser against which the steam from the cylinder ex- 
hausted, was always greater than that of the atmosphere, but 
by giving a sufficient supply of injection water it could be 
reduced below that of the atmosphere; for it was impossible 
that any air could become mixed with the steam unless it were 
condensed below the atmospheric pressure, and there happened 
at the same time to be a leakage in the exhaust pipe. The en- 
gine, therefore, used steam of high pressure with expansion 
and condensation, but without an air-pump and exhaustmg 
against a greater than the atmospheric pressure; and it fed 
its boiler with distilled water of a temperature closely ap- 
proximating the corresponding boiling point. 

The experiments, as has been already stated, embraced 
the condensing apparatus as well as the Boiler, but as this 
paper is devoted to the latter alone, the former is only so far 
described as is incidental and necessary to the under-standing 
of the experiments with the former. 

The following are the dimensions of the cylinder and ap- 
pendages, namely: — 

Diameter of the cylinder 8. inches. 

Diameter of the piston rod 1.5 " 

Stroke of the piston 18. " 

Point at which the expansion valve 
closes from the commencement of the 

sti'oke of piston 5.08 " 

Space displacement of the piston per 

double stroke, exclusive of piston rod. 1111,8 cubic inches. 
Space comprised at both ends of cylinder 

in clearance........ 25,0 " " 

Space comprised at both ends of cylin- 
der in passages from clearance to 
steam valve 49.5 " " 
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Space comprised in tho valve cheat be- 
tween the steam and expansion valvea. 65.5 cubic inches. 

Bulk of steam of the pressure at the end 
of tlie stroke, used per double stroke 
of engine piston 1.0T193 cubic ft. 

tJ^ode or Conducting the JExpei'imenIs and 
CtUculating the Results. 

The entire machinery was situated in the cellar of bouse 
No. 28 Piatt street. New York city, and was not exposed to 
currents of air. 

Thermometers were placed in deep narrow cups filled with 
mercury, and the cups were inserted in the steam and water 
spaces of the boiler,— in the top of tho Main Condenser, — 
and in the feed-pipe between the Heater Condenser and the 
boiler. They indicated respectively the temperature of the 
superheated steam, the temperature of the water from which 
that steam was generated, the temperature of the vapor 
rising from the injection or condensing water at tho locus 
of its discharge from the Main Condenser, and tho temper- 
ature of the feed-water entering the boiler. These thermom- 
eters were large and excellent instruments made expressly 
for the purpose and graduated to the Centigrade scale, but for 
the sake of convenience, their indications have been reduced 
to Fahrenheit's scale. The temperature of the injection water 
before entering the condenser, and of the engine and boiler 
room, were also noted by thermometers. In the experiments 
of April 28th and 29th, and May 2d, the feed-water was 
drawn from the Main Condenser and emptied into a Tank 
whence it was taken by the feed-pump and driven through the 
Heater Condenser into the boiler. During these experiments 
the temperature of the water in the Tank was noted by a ther- 
mometer in addition to the other temperatures. 

The steam pressure in the boiler, and the back pressure of 
vapor in the Main Condenser against which the steam from 
the cylinder exhausted, were given by large manometer 
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The Indicator used was an excellent instriiment 
and diagrams were taken from both ends of the cylinder : 
average specimens of these diagrams will bo found in Plat« 
IV. The number of double strokes made by the piston was 
registered by a Counter worked by the engine itself. 

The fuel used was the first quality of Trevoi-ton coal, a 
dry free-burning Semi-Anthracite from middle Pennsylvania, 
destitute of bitumen, burning without smoke, and containing 
but little earthy matter : in si«am generating value it stands 
in the first class of coals. The quantity consumed was care- 
fully weighed by a steelyard, as was also the waste in ashes 
and fine coal in a dry state. 

As the regular work of the establishment rei^uired only 
about one-third of the power that the machinery could pro- 
duce, there was added during the experiments the resistance 
of a friction brake, which possessed the further advantage of 
rendering the load more uniform. 

The injection, or condensing water, was obtained from the 
Croton Aqueduct supplying the city, which furnishing any 
quantity required by its own head alone rendered the em- 
ployment of a circulating-pump unnecessary. 

The duration of the experiments was necessarily limited 
by the working hours per diem of the establishment. In 
making them no account was taken of the coal required to 
raise steam to the working pressure; but at the commence- 
ment of each experiment the condition of the fire was esti- 
mated by the eye, and the height of the water in the boiler 
and the pressure of the steam carefully noted: at the end of 
each experiment the water and steam were left the same as 
at the commencement, as was also the condition of the fire 
as nearly as could be judged. During the continuance of 
each experiment a complete set of observations and an Indi- 
cator diagram were taken every fifteen minutes, the mean of 
all which together with the results of the calculations made 
from them, will be found in the subjoined table. It would 
have been more satisfactory could the experiments have been 
continued through a greater number of consecutive hours, so 
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as to have diminishecl the effects of error id the estimation of 
the condition of the firo at the commencement and end; hut 
if the size of the grate be considered— only 18 inches square 
— it will be admitted that on so email a space the eye could 
closely estimate ; beside -which the precaution was taken to 
fire at regular intervals very nearly the same weight of coal 
up to the last; it is, therefore, believed that full confidence 
can be placed in the amount of coa! consumed as well as in 
the other elements of the experiments. 

The experiments were made on the 18th, 19th, 28th, and 
29th days of April, and on the 2d day of May, on each of 
which the conditions were varied. With the experiments 
made April 18th, 19th, and May 2d, — embraced in the first 
three columns of the subjoined table, — the eteam was used 
expansively: with the remaining experiments made April 
28th and 29th, the steam was used without expansion: in all 
it was very much throttled. 

The experiment of April 28th was made with the maxi- 
mum weight of coal the furnace would consume; and the ex- 
periment of May 2d, was made with the highest mean press- 
ure on the piston that the friction brake would be loaded to: 
could the brake have borne a greater strain the power de- 
veloped by the engine might have been increased about 25 
per centum, or up to 11^ horses per Indicator. 

The weight of water evaporated has been calculated from 
the pressure per Indicator in the cylinder at the end of the 
stroke of piston for all the experiments: and for the experi- 
ments of April 28th and 29th, and May 2d, the evaporation 
was also obtained by measurement of the water in a Tank, 
previous to its being pumped into the boiler. To the weight 
of water evaporated by calctdation from the eteam pressure 
at the end of the stroko of the piston, there has been added 
the weight of steam condensed in the cylinder to produce, the 
power developed by the engine. It has been calculated ac- 
cording to Joule's equivalent of one pound of water raised 
one degree on Fahrenheit's scale for every TT2 foot-pounds 
developed by the engine. In making these calculations 
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the tables of Esonault have been used, and the weight of a 
cubic foot of water at 63° Fahr. has been taken at 63.321 
pounds. 

In obtaining the evaporation by Tank measure ment, the 
feed pipe was put in communicatioQ with a Tank or reservoir, 
into which was carefully measured by a standard gallon 
measure of 23i cubic inches, all the water of condensation 
^rnisbed by the Main Gondensef. This water was drawn 
from the condenser by hand by means of a pipe and cock, and 
the usual feed-pump delivered it into the boiler after paaaing 
it through the Heater Condenser in order to give it an in- 
crease of temperature as it rapidly cooled in the open Tanfe. 
When the Tank was employed, the Still Condenser was not 
used, and the deficit of feed water was made good by meas- 
uring into the tank the requisite quantity of Croton water as 



Whence came this deficit 7 During the experiments, the 
pressure on the exhaust steam side of the condensing tubes 
in the Main Condenser varied from to '6 pounds per square 
inch above the atmosphere, mean 1^ pound; the pressure of 
the injection water on the opposite side of these tubes was 
a little above that of the atmosphere at the top of the con- 
denser and about I| pound per square inch above it at the 
bottom; the probability of leakage from the exhaust steam 
to the injection water side of the condenser was thus very 
small even had the tubes not been tight, iuid there was no 
reason to believe they were not. Now had the boiler and 
feed pipe also been tight, it is plain that no recuperative sup- 
ply of feed water would have been required, for were there 
there no loss by leakage the condensation of the exhaust 
steam would afford exactly the required amount of feed, and 
the same water would pass ia a continuous round from con- 
denser to boiler in the liquid form, and from boiler to con- 
denser in the form of vapor. The boiler was sot upon four 
legs upon a brick platfoi-m with a clear passage way all 
around it, so that any external leakage could not have es- 
caped detection, but none appeared; nevertheless, it was 
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found that not only was there a deficit m the feed water but 
that it increased with the boiler pressure. In fact there was 
no doubt that aeneibly the whole of this deficit was due to 
leakage from the boiler and internally, and probably from the 
fastenings of the 2 inches diameter tubes joining the hollow 
cylinder and the slab forming the crown of the furnace; and 
also from the joints in the base of the hollow cylinder of some 
of the IJ inch diameter tubes employed for superheating the 
steam. Neither the joints of these 2 inches and IJ inch di- 
ameter tubes, nor the surrounding spaces, could be seen, and 
from the construction of the boiler they were the most likely 
to be defective. The quantity of water leaked was so small 
that it could easily be evaporated by the heated gases as rapid- 
ly as it exuded, consequently, as it did not run down into the 
furnace, there mas no means of discovering it by the eye. 
Of course, as the evaporation of this weight of water was 
effected by the fuel, it must be credited to the boiler the same 
as though it had been evaporated normally from the heating 
surfaces; and the steam generated from it must bave mate- 
rially increased the draught of the chimney. During the ex- 
periment of April 28th, the deficit of feed water was 4.85 per 
centum of the whole quantity pumped into the boiler, and the 
boiler pressure was 101,2 pounds per square inch above the 
atmosphere. During the experiments of AprU 29tli, when the 
boiler pressure was 112 pounds, this deficit became 6.38 per 
centum. And during the experiments of May 2d, when the 
boiler pressure was increased to 131.9 pounds, this deficit 
rose to 1.89 per centum, la the calculation by the evapora- 
tion by Tank measurement, as given in the subjoined table, 
these deficits are included ; and the proper corrections for 
differences of temperature have bceu made throughout. 

The results in rapport of fuel have been given both for the 
pound of coal consumed and for the pound of combustible, 
the latter being the former less the waste in ashes and fine 
coal. The pound of combustible is, of course, the proper 
unit by which to measure the cost, because the waste is a 
quantity variable from many causes. In all the experiments 
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the coal was precisely the same, there was not a particle of 
clinker formed, and the earthy matter probably did not vary 
sensibly. The difference in the per centum of waste found, 
was due to the greater quantity of fine coal falling tlirough 
tho one inch diameter holes of the grate, when more rapid 
combustion was maintained by more slicing of the fire. It 
will be observed that the per centum of waste increased 
with the rate of consumption of coal per square foot of grate 
per hour. As, in experiments of this kind, the evaporation 
is sometimes measured from a temperature of feed water of 
100° Fahr. and sometimes from a temperature of 212° Fahr. 
it has been calculated for both for convenience of comparison. 
Tho data by the experiments and the evaporation by the 
boiler, obtained and calculated in the manner described, will 
be found in the subjoined table: — 
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Mesults of the JELvpefintents. 

An obsevvation of tlio piiticukrs of the ] iPt,eding Table 
stowa, tbat on different days— the conditions, being different 
— the indicated horse-power wia oLtamod by very different 
weights of combuatible conenmed pei hour It will be useful 
to investigate the caiises producing this result in the cases of 
the three experiments during which the stfiam was used ex- 
pansively; for in the cases of the two experiments in which 
it was used without expansion, the difference in the conditions 
being very slight, there was but a correspondingly slight 
differerrce in this result. 

What are the different conditions of those esperiments that 
influence the final result, and in what degree did they affect 
it? They are; — 1st. The ratio borne by the gross mean 
pressure on the piston above zero to the back pressure 
against it,' for it is only their differential that constitutes the 
pressure element of the indicated horse-power; but the fuel 
consumed is the same, pro rata, for the back pressure as for 
the portion of the mean gross pressure utilized, consequently 
the higher this ratio the greater will be the economic effect 
of the fuel. 2nd. The gain due to the employment of steam 
of higher pressure, which consists in the fact that the pressure 
of steam increases in a higher ratio tiian its density while 
the evaporation of equal weights under different pressures 
requires, within the limits of our experiments, sensibly equal 
weights of combnstiWe; consequently the higher the pressure 
used the greater will be the economic result from tho fuel. 
In considering this condition, however, we must keep in mind 
that the gain just described applies not to the steaip as gen- 
erated in the boiler but as used in the cylinder; hence, in 
any determination of its value for different cases, we must 
compare the mean pressures on the piston above zero during 
the whole stroke, and not the boiler pressures. 3d. The tem- 
perature of tlie feed-water ; for of the total quantity of heat 
required to be imparted to the feed-water to convert it into 
steam, there ia furnished hj the fuel only the differential of 
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the heat of the feed-water and the total heat of tho boiler steam 

generated from it ; tlie higher the tomperaturo, therefore, of 

the feed-water the greater will be tho ( 

fuel. 4th. The relative evaporati o fB 

combuetible in the liff t p t 

Indicator — not b;^ th T k — 1 th 

power is produced 1 y nly tl t j t n f 



ct of the 
ft! p nd f 

dby th 

h t 1 h e- 

t m wh h 



remains such thro htth tk ftl itnali 
pels it from one end f tl yb d t th th d th t 

portion is what ia m d by tl I d t 1 t t I 

by tho Tank. The h gh tl p t ffi y tl 

greater will obvioi ly b th m fl t f tl f 1 L t 

us now ascertain the value for each of these conditions and 
obaervG if the ratio of the economic results from the fuel in 
the different cases as determined by them, is the same as 
given by a direct comparison of the weight of combustible 
consumed per hour per indicated horse-power. 

Beginning then with the experiment of April 18th, we hfive 
(referring to the Table) for the mean pressure on the piston 
above zero (2l.8-f-14.T+6,l^) 42.6 pounds per square inch; 
and for the back pressure ( U.T+6.I =) 20.8 pounds ; the por- 
tion of the mean pressure utilized will then be (^^^^?^ii^=) 
51, IT per centum. 

With the espcriment of April 10th, the mean pressure on 
thepistoa above zero was (25,8+li.T-f4.9=) 45.4 pounds 
per square inch ; and the back pressure was (14.1-|-4.9=) 
19.6 pounds; the portion of the mean pressure utilized will 
then be (*^:t~ii^=) 56.83 per centum. 

With tlie experiment of May 2d, the mean pressure on the 
piston above zero was (51.4-|-14.t+3.5=) 69.6 pounds per 
square inch; and the back pressrae was (I4.t+3.5=) 18.2 
pounds ; the portion of the mean pressure utilized wi!I then 
l,e (6i«rJMjiH=) 73.85 per centum. 

These per centum of utilization have now to be modified for 
the ratio of the density of the et«am to its pressure in the 
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respective cases. The density ia expressed relatively by the 
volume of steam of the given pressure to tiie vohime of water 
from which it -was generated. This pressure is the mean 
pressure on the piston throughout the stroke above zero. 
The products resulting from tbe multiplication of the volumes 
by the respective pressures will give, relatively, the gain in 
fuel due to the use of higher pressure steam per se. During 
the experiment of April 18th, the mean pressure on the piston 
above zero was i2.6 pounds per square inch, as above shown, 
the volume due to which is 640.6 and 640.6 X42.6 = 21289.56. 
During the experiment of April 19th, this pressure was 45.4 
pounds, and the corresponding volume 605.2, and 605.2X45.4 
=: 21416.08, During the experiment of May 2d, this pressure 
was 69,6 pounds, the volume corresponding to which was 
416.0, and 416.0X69.6 = 28953.60. Multiplying the per 
centum of pressure utilized in the respective cases by these 
quotients, we have (51.nXS'!289,56=)1396406.1852, (66. 
83X21416.08=) 1561465.6264, and (13.85X28963.60=) 
2138223.8600. 

These products in their tuim require modification accord- 
ing to the different temperatures of feed water in their re- 
spective cases. In the first case tliat temperature was 201° 
Fabr., and as the total heat of the steam of the boiler press- 
ure was 1218° Fahr., there were required (1218—201=) 
1011° Fahr. to be imparted to tlie feed water to convert it 
into steam. Making the calculation in the same manner in 
the second and third cases, we have respectively 1011° and 
1036° Pahv. required to convert the feed water into steam of 
the respective boiler pressures. These degrees are in the in- 
verse ratio of l.OOOO, 0.9941, and 0.9169; and multiplying the 
final products of the immediately preceding paragraph by these 
numbers respectively, we have (1396406.1852X1.0000=-) 
1396406,1852, (1561465.6264X09941=) 1552252,9192, and 
(2138333,3600X0.9159=) 2086692,1110. 

Finally, these numbers have to be modified in the ratio of 
the evaporative efBciency of the pound of combustible per 
Indicator measurement in their respective cases, namely: 
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10.580, 10.646, and 9.683, multiplying by which wo obtain 
(1396406.1852X10.580=) 14173983.7814, (1552253.9192X- 
10.646=) 16535285.2166, aaid (2086692.1110X9-682=) 
30203353.6517, which ars in the ratio of 1.000, 1.118, and 
1.367. 

In these cases tbe cost of the Indicated horee-powcr in 
pounds of combustible per hour, was 3.905, 3.591, and 2.933, 
which inversely arc in the ratio of 1.000, 1.086, and 1.333, 
which is nearly the ratio of 1.000, 1.118, and 1.361, as jnst 
obtained. If, however, we compare the last two numbers of 
both ratios, wo shall have ^-|^=1,2221 and ^=1.2365, or 
sensibly the same. These results, therefore, closely verify 
each other, 

In co'nparing the results of the experiments of April 19th 
and May 2d, in both of which the steam was used expan- 
sively but with widely differing pressures, we obsei-vcd a 
very strongly marked fact, namely; that the evaporative 
efficiency of the pound of comhuatible per Indicator measure- 
ment decreases in some ratio as the eteam pressure in the 
cylinder increases; and that too, notwithstanding the super- 
heating of the steam in the boiler about 30° Fahr. in both 
cases: this effect is unquestionably due to the following 
circumstances, namely: The temperature of the interior sur- 
faces of the cylinder during the exhaust stroke remains 
nearly the same, but as the temperature of the steam in. 
creases with its pressure, there must necessarily be when 
steam of a higher pressure is employed, a greater condensa- 
tion of it pro rata due to the greater difference of the temper- 
atures of these interior surfaces during the steam and es- 
haust strokes. Also, the leakage of steam past the piston 
and the cylinder valves is greater with the higher pressure. 
And, finally, the loss of heat by radiation from the external 
surfaces of boiler, steam pipe, and cylinder, will be greater, 
too, with the higher temperature steam. Of none of these 
losses does the Indicator measurement take any account; that 
instrument shows only the weight of steam in the cylinder at 
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any point of the stroke of tlie piston at that particular infant 
of time; it does not show any of the losses sustained by the 
steam since its generation in the boiler. The apparerti evap- 
oration by Indicator measurement may therefore vary greatly, 
according as these losses have been greater or less, whilo the 
true evaporation continues precisely the same. 

If, now, in the experiments of April 19th and May 2d, we 
compare the boiler pressures, we shall find them to be 100.3 
and 131.9 pounds per square inch above the atmosphere, the 
the temperatures corresponding to which are 342^° Fahr. and 
366^° Fahr., difference 24° Fahr., consequently, there must 
have been a gi'eater loss on the 2d in radiation from the exter- 
nal surfaces of tlie boiler aifli steam pipe due to this differ- 
ence of temperature; and there must also have been agreater 
loss by leakage from the boiler due to the difference of 
(131.9 — 100.3=) 31.6 pounds pressure per square inch above 
tiie atmosphere, If we compare the mean pressures in the 
cylinder during the stroke of the piston we shall find that on 
the 19t!i, that pressure was {'i.b.'&-\-li.1-\-i.% =) 45.4 pounds 
per square inch above zero, the temperature corresponding to 
which is 377° Fahr.; the back pressure was {14.7-|-i.9 :=) 
19.6 pounds per square inch above zero, tlie temperature cor- 
responding to which is 227° Fahr.; the difference then of the 
temperatures of the interior surfaces of the cylinder during 
the steam and exhaust strokes was (277 — 221=) 50" 
Fahr. Ou the 2d, the mean pressure in the cylinder was 
(51.4-}-14.1-|-3.5 =) 69.6 pounds per square inch above zero, 
with a corresponding temperature of 305^° Fahr.; the back 
pressure was (14.7-|-3.5=) 18.2 pounds per square inch 
above zero with a temperature of 223|° Fahr. ; the difference 
then of the temperature of the steam and exhaust strokes 
in this case was (305^ — 223|=) 82° Fahr., or nearly one and 
two-thirds the difference on the 19th. Of course, there must 
have been a much greater cylinder condensation in the latter 
than in the former experiments, for a difference of (82 — 50=) 
32° Fahr. of temperature possesses, ceteris paribus, a very 
seiious condensing power. In addition to this difference of 
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temperature there wag the difference of leakage past the cyl- 
inder valves and piston due to the difference between the 
mean effective pressures of 51.4 and 35,8 pounds per square 
inch, or in one case double the other. Under these conditions 
the evaporation per Indicator measurement of the pound of 
combuatible in the two cases waa, from a temparaturc of 
feed water of 212° Fahr., 10.(512 and 9,634 pounds of water; 
the loss of the high preseure due to the cause above stated 
being ( "'"^^lo.^u' " ^ ^i P^'^ centum of the evaporation 
with the low pressure. How much of this is caused by the 
greater condensation effected by the greater difference of the 
temperatures of the interior surfaces of the cylinder during 
the steam and exhaust strokes it is impossible to determine, 
but be it what portion it may, it would, of course, have been 
greater had the st«am not been superheated, for one effect of 
that sujierheating is to impart during the steam stroke the 
heat to the interior surfaces of the cylinder which is ab- 
stracted during the exhaust stroke, without reducing the nor- 
mal heat of the steam for its pressure as received from the 
boiler. "Were the superheating sufficient to produce tliis 
effect there could be no loss from condensation; though there 
would be in the pressure of the steam considered as a fixed 
gas, due to the reduction of the superheated temperature and 
amounting to 490 433 ^;, for each degree Fahr. 

In observing the evaporation per pound of combustible 
by Tank measurement, we find it to have been sensibly the 
same in all cases, whether the st«am he used with higher or 
lower pressure, or with expansion or without it; and this is 
as it should be, for the Tank measurement gives the true evap- 
oration except in so far as it affected hj external water leak- 
age from the boiler, and from the priming over of the water 
from the boiler to the cylinder. When, therefore, in different 
cases these causes operate to the same extent or not at all, 
the results will agree. Now as regards priming or the 
passage of solid water from the boiler to the cylinder, there 
could have been none; because, independently of the super- 
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heating of the steam, the disparity of the bulks of the steam 
within the boiler and of the steam withdrawn per stroke of 
piston was too great to allow it. When the eteam was nsed 
expansively the boiler contained about thirty-flve charges for 
the cylinder, and as the pressure in the cylinder at t!ie point 
of cutting-ofF was only about two-thirda of the boiler press- 
ure these thirty-five charges became over fifty charges. 
When the eteam was used without expansion, the boUer con- 
tained about twelve charges for the cylinder which, as the 
cylinder pressure at the end of the stroke was only about 
four-tenths of the boiler pressure, became thirty charges. 
The mean of the experiments by Tank measurement gives an 
evaporation per pound of combustible of 13^ pounds of 
water from a temperature of 213° Fahr, 

If, however, we observe tho evaporations per pound of 
combustible by Indicator measurement, we shall find un- 
der the different conditions of the different experiments, very 
great discrepancies, and not only between the results as com- 
pared with the Tank measurement but as compared with 
themselves. There has been already shown in comparing the 
results of the experiments of April 19th and May 2d, the 
causes producing a difference of 9 per centum in the evapo- 
ration per Indicator measurement, but there still remains 
other facts of interest to be observed in this matter. 

And first, as regards the difference in the Indicator evapo- 
ration when, ceteris paribus, the steam is used with and with- 
out expansion. To determine this we may compare the mean 
of the results of the experiments of April 18th and 19th when 
using the steam expansively, with the mean of the results of 
the experiments of April 28th and 29th when using the steam 
without expansion ; the difference of the boiler and cylinder 
pressures not being great enough to cause any marked differ- 
ence of result. The mean boiler pressure during the experi- 
ments of the 18th and 19th was 103.15 pounds per square 
inch above the atmosphere, and the mean effective pressure 
on the piston was 33.8 pounds per sq^uare inch. During the 
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esporiraeiits of the 28tli and 29th, tbe mean boiler pressure 
waa 106.6 pounds per square incli above the atmosphere, and 
the mean effective pressure on the piston waa 28.45 pounds 
per aquai'e inch. The difference between the respective 
quantities in tlie two oases is too little to much affect the 
result by difference of leakage, of radiation, and of condensa- 
tion by the interior surfaces of the cylinder. There remains 
then only, the effect of the expansion of the steam per se to 
ascribe it to. Now the mean evaporation per pound of com- 
bustible by Indicator meieuroment was for the experimenta 
of April 18th and 19tb, whfen the steam was used expansively 
,io.5SD<-]o.6i2 _j 10.581 pounds of water from a temperature of 
212° Fahr.; while during the experiments of April 28th and 29th 
when the steam was used witliout expansion this evaporation 
was {— ^-i±HfS=) 1L3T3 pounds of water ; the difference- 
being (11.313-10.581=) 0.792 pound, or (IH!!^^liI£? =) 
T^ per centum of the evaporation using the steam expansive- 
ly, This difference would, of course, have been much greater 
had the eteam not been superheated; for it is unquestionably 
produced by the condensation due to the fact of expansion 
per se. In explanation of thia it may bo remarked, that all 
bodies in expanding absorb heat, and that particularly in the 
case of steam this absorption is attended by a great conden- 
sation which propagates and exaggerates itself The first 
effect of the expansion is an increase of the latent and a de- 
crease of the sensible heat of the steam, whence follows a 
precipitation of a corresponding portion of the steam into 
wator. This conversion of part of the steam into water occu- 
pying a greatly less bulk, leaves space for a further expan- 
sion of the steam followed by the inevitably accompanying 
condensation, which in its turn causes another expansion 
followed by another condensation, and so on till all be con- 
densed. The only means of preventing this result is to su- 
perheat the steam, and as this waa done in the case of our 
experiments to the extent of about 30° Fahr., it must have 
prevented tho condensation to a considerable degree, though 
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not completely eo, aa we have seen from the experimental 
results. A portion of the steam condensed during the first 
moments of expansion is undoubtedly recovered by refivapo- 
ration under the lessened pressure towards the close of the 
stroke of the piston, as is shown 'by tlie greater pressures at 
the end of the stroke than is due to the measure of expansion 
employed ; a large part of this latter effect is, however, un- 
questionably due to the leakage of the valves, but the final 
result is, as has been stated, a very serious loss inherent to 
the fact of expansion and taking place notwithstanding the 
superheating given to the steam before it entered the cylin- 
der. The greater the measure used of expansion the greater 
will be the condensation due to it, which having once com- 
menced will propagate itself in some geometrical ratio of the 
time ; that is to say, the condensation due to an expansion 
of four times will be more than twice aa much as what is due 
to an expansion of twice. 

In compariug the evaporation by Tank and by Indicator 
measurement, taking the case of using the steam without ex- 
paHsion, and the mean of all the experiments, we find that by 
Tank measurement one pound of combustible evaporated 
13.083 poimds of water from the temperature of 212° Fahr., 
while by Indicator measurement this evaporation was only 
11.313 pounds of water, the difference IJeing (13.083 — 11.313 
=) 1.110 pound or ^ ^»-°s3-ii^3jrs ^m „j j^ ^^^ centum of the 
Indicator evaporation. If, now, this comparison be made for 
the case of using the steam expansively, taking the mean of 
the experiments of April 18th and 19th, we find that the 
evaporation per Indicator measurement was (i^Ii^tHf^ __ J 
10.581 pounds of water from the temperature of 212° Fahr-. 
per pound of combustible. The difference then between this 
and the Tank measurement is (13.088—10.581^) 2.502 
pounds or ( "-"^^-lasBi^^io o^^ ^^ g. ^^^ centum of the Indi- 
cator evaporation. If, in the experiment of May 2d, when 
the steam was likewise used expaDsivcly, we compare the 
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evaporation by Tank and Indicator measurements, we find 
that by the latter it was 9.682 pounds of water from a tem- 
perature of 212° Fahr. per pound of combustible ; the differ- 
ence between that and the Tank measurement being (13.083 
—9.634:=^) 3.449 pounds or (-^^HzHiiil^^) 35.80 percent 
um of the Indicator evaporation. 

If, in these experiments where there was no priming and 
but little leakage, and whero furthermore the steam was su- 



perheated about 30° Fahr., there exists such great discrep- 
ancies between the two methods of measurement, how much 
greater must that discrepancy be in cases where there is no 
superheating; of the steam and where there is both consider- 
able priming and leakage ? in fact in the cases of ordinary 
practice. 

Again; we find that in these experiments the evaporation 
by indicator measurement is variously 11.313, 10.581, and 
9.634 pounds of water from a temperature of 212° Fahr. per 
pound of combustible, according as the conditions varied of 
using the steam without expansion, expansively, and with 
higher or lower pressures ; during all of which the Tank evap- 
oration remained sensibly the same. These variable and 
great discrepancies we have seen are caused by the difference 
of the losses by leakage, by radiation, and by condensation 
in the cylinder due to the difference of the temperatures of its 
interior surfaces during the steam and exhaust strokes, and 
to the fact of expansion per se. And they teach us how great 
should be our caution in estimating the efficiency of different 
types or proportions of boilers by their evaporation as given 
by the Indicator, unless we are assured that the conditions 
in their cases are precisely the same as in those witli which 
they arc compared. 

The experiments enable us to determine the gain in fuel 
by using the steam expansively overworking it for the whole 
stroke without further expansion than was given by the 
throttling. When the steam 'was used expansively it was 
cut off at 0.28 of the stroke of piston from the commencement. 
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but if there be included the space comprised between the pis- 
ton at the end of its strolce and the cut-off valve, the steam 
was expanded almost exactly three times. In this case, too, 
the steam was throttleJ from the point of admission to the 
point of cutting off; the throttling in both cases then may be 
considered to have produced equal effects. When the steam 
was used without expansion tiie cut-off valve was discon- 
nected and its ports left wide open. In making this compari- 
son the pounds of combustible required per hour to produce 
an indicated horse-power is taken as the measure of the cost 
of the power in fuel, and we must select comparable cases for 
it; that iSj those in which the boiler pressure, mean effective 
pressure on the piston, back pressure, and temperature of the 
feed-water do not vary much. We shall then take the mean 
of the experiments of April 18th and ]9th for the data when 
using the steam expansively, and the mean of the experiments 
of April 28th and 29th for the data when using the steam 
without expansion. 

Id the experiments of April 18th and 19th, the mean boiler 
pressure was 103.15 pounds per square inch above the atmos- 
phere, the temperature corresponding to which is 3ii° Fahr., 
while the temperature of the boiler-room was l6i° Pahr.; and 
in those of April 28th and 39th this pressure was 106,60 
pounds with a temperature of SIB-^" Fahr., while the temper- 
ature of the boiler-room was 13^ Fahr. The losses by boiJer 
radiation and leakage were therefore somewhat the greatest 
with the unexpanded steam. The mean effective pressure on 
the piston during the experimcntB of April 18th and 19th was 
23.8 pounds per square inch, and as the mean pressure above 
zero was 4i pounds per squai-e inch, there was utilized 
{—^ — ^=) 54.09 per centum of the mean pressure above 
zero. The mean effective pressure on tho piston during the 
experiments of April 28tli and 29th was 28.45 pounds per 
square inch, and as the mean pressure above zero was 44.9 
pounds, there was utilized (— ^ ■ " -— ^) 63,36 per centum of 
the mean pressure above zero, making a difference in favor of 



Hosted by 



Google 



123 



the unexpanded steam of 9.21 per centum. The temperature 
of the feed-water with the expanded steam was 203^° Fahr., 
and as "the total heat of the boiler steam was 1217^° Pahr., 
the heat already in the feed-water was C "^^;"^"" — ) 16.11 per 
centum of the total heat of conversion into steam. With the 
unexpanded steam, the temperature of the feed-water was 
181" Fahr., and as the total heat of the boiler steam was 
1318° Fahr., the heat already in the feed-wafer was 
,181k1oq__.^ 14.86 per centum of the total heat of conversion, 
making a difference. of (16.11—14.86—) 1.85 per centum in 
favor of the expanded eteam. Deducting this from the pre- 
vious 9.31 per centam, we have still a balance of (9.21 — 
1.85 :^^) 1.42 per centum in favor of the unexpanded steam. 
The temperature of the interior surfaces of the cylinder during 
the exhaust stroke was, with the expanded steam, 229" Fahr. ; 
and during the steam stroke 315° Fahr. — difference i6° Fahr. 
With the unexpanded steam the mean temperature of the ex- 
haust stroke was 218° Fahr,, and of the steam stroke 316° 
Fahr. — difference 58° Fahr. With the unexpanded steam, 
therefore, there was the disadvantage of the greater conden- 
sation due to the difference of (58 — 46;=) 12° Fahr. of tem- 
perature by the interior surfaces of the cylinder; and there 
was also the disadvantage of a difference of effective pressure 
of (28.45 — 23.80^) 4,65 pounds per square inch of piston to 
produce leakage. We have already seen that a difference of 
32° Fahr. of temperature, and (51.4—25.8=) 25.6 pounds 
per square inch of pressure produced a difference of economic 
result of 9J- per centum; it is therefore fair to estimate the 
difference due to 12° Fahr., and 4.65 pounds pressure to 
be, say, 3.42 per centum, which would leave a balance in 
favor of the unexpanded steam of (1.43—3.42=) 4 per cent- 
um. That is to say, that independently of the effect of ex- 
pansion per se, the conditions with the unexpanded steam 
would have produced 4 per centum more economic result from 
the fuel than the conditions with the expanded steam would 
have allowed; consequently, 4 per centum must bo added to 
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the experimental gain by espans; 
maximinn result possible from usi 
perimental measure of expansion 

effective pressure on the piston and the back pressure againat 
it to be tiie same as with the unexpanded steam, and of course 
allows the steam at the commencement of the stroke of the 
piston to be carried sufficiently high to produce these results 
which render in both cases the losses by back pressure the 
same, and by condensation by the interior surfaces of the 
cylinder nearly the same. 

What was the experimental gain given by expansion ? 
The mean of the experiments of April I8th and 19tb when 
the steam was used expansively, gave 3.751 pounds of com- 
bustible per hour for the cost of the Indicated horse-power; 
while the mean of the experiments of April 38th and 29th 
gave 4.636 pounds of combustible per hour for the cost of 
the same power. The gain in fuel then due to the expan- 
sion was (■■ ''' 4,6Ba " ° ~) ^^-09 per centum of the cost of 
the power with unexpanded steam, to which, if we add the 
4 per centum above obtained and due to the difference of con- 
ditions, we shall have a gain of, say, 23 per centum as the 
practical maximum obtainable from the expansion supposing 
ia the two cases equal back pressures, mean effective press- 
ures, temperatures of feed water, and a superheating of the 
steam of 30° Fahr., which latter should materially increase 
the gain by expansion over what it would have been, had sat- 
urated or normal steam been used. The gain (heoreticdly 
due to cutting ofF the steam at 0.28 of the stroke of piston 
from the commencement and expanding it through the re- 
maining 0.t2 of the stroke and including the effect in the 
space between the piston at the end of its stroke'and the cut- 
off valve, is 1.0986; that is to say, this measure of expan- 
sion (three times) should, according to the law of Mabiotte 
have increased the work done by the unit of weight of com- 
bustible 1.0986 time, whereas the actual increase was only 
0.24 time, leaving the enormous discrepancy of 0,8586. 
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The foregoing deductions regarding the apparent evapo- 
ration by Indicator measurement, and as regards the discrep- 
ancy between the practical and theoretical gain by espao- 
aion, have teen made without reference to any effect that 
may have been produced by the enpeiheating of the steam. 
The data itself, rests independently upon an accurate exper- 
imental basis. 

The amount of superheating given to the steam averaged 
about 30° Pahr. Tlie steam in this respect was very sensi- 
tive to reduction in the temperatures of the products of com- 
bustion. The admission of a stream of cpoler air by opening 
eitlier the furnace door, or the damper wider in the chimney, 
or by a variation in the thickness or in the openness of the fuel 
on the grate, would be immediately shown by a fall of the ther- 
mometer in the steam room relatively to the thermometer in 
the water spaces of the boiler, which latter would scarcely 
show a sensible diminution. It must be remembered that 
the raising of the temperature of saturated steam 30° Fahr, 
by superheating it, is a very different matter to imparting 
the same number of degrees of temperature by increased 
tension due to the evaporation of more saturated steam; the 
amount of heat in the latter case exceeds vastly that in the 
former, and the sensibility to refrigerating influence will bo 
correspondingly less. Before a reduction of 30° Fahr, can 
be made in the temperature of saturated steam, some 966° 
Pahr. of heat in a large portion of it must be rendered 
latent; a reduction of its saturated temperature will there- 
fore be slow, while its superheated temperature which, on 
account of the rarity of steam, is acquired with difficulty 
and lost with facility, will fluctuate rapidly with slight 
variations of refrigerating condition. 

In considering the evaporation given by the Prosser 
boiler, there must be kept in view the very favorable circum- 
stances under which it was obtained. In the first place, the 
very small area of the fire grate allowed it to be fired with 
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all the care of a laboratoiy experiment; secondly, the coal was 
of the very best kind for generating steam and of first rate 
quality of the kind. The fireman wae thoroughly experi- 
enced with the boiler, and the shortness of the experiments — 
the longest being only 10 hours — prevented any waate in the 
cleaning of the fires. There were no clinkers formed, and 
the refuse consisted entirely of ashes and fine coal. It will 
be noted that the per centum of refuse increased with the in- 
tensity of combustion, that is to say, with the number of 
pounds of coal burned per hour per square foot of grate. 
The rate of combustion was as great as is usual in practice, 
and the coal was a dry semi-anthracite from the Trevorton 
mines of Pennsylvania, 

The proportion of heating to grate surface was enormous, 
being in the water alone over 50 to 1; while there was addi- 
tionally 24 to 1 for superheating the steam; making alto- 
gether the excessive ratio of 14 of heat absorbing surface to 
1 of grate, — over double of what is habitually given with 
tubular boilers. 

The teraperatiu'C of the gases as they entered the chim- 
ney, was as near as could bo ascertained by tin, about the 
melting point of that metal, namely, 440° Pahr., or only 60 
degrees above the temperature of the superheated steam. 
The supply of air to the furnace both through and above the 
.t fuel was ample. 
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Experiments made in January, 1859, on Ellis' Boiler, at 
WHlard's Hotel, Washingtm City, D. C, by Chief Engi- 
neers W. W. W. Wood, B, F. Ishbrwood, and J. W. 
KiKG, U. S. JV., by orderofthe JVavy Department. 



In tiio month of January, 1859, a Board of Chief E 
of the Navy composed of W. W. W. Wood, B, P. Ii 
and J. W. King, were ordered by the Navy Department to 
examine a boiler then in operation at Willard'a Hotel, Wash- 
ington City, D. C, which had been patented April I3th, 1858, 
by Wu. M. and Jonas B. Ellis ; to make the requisite experi- 
ments for determining its evaporative efficiency; and to report 
upon it3 merits for naval steamers. The Board accordingly 
ascertained by a careful experiment the number of pounds of 
water evaporated in this boiler per pound of coal consumed, 
and then made a Report to the Secretary of the Navy em- 
bracing the facts hereinbelow given. The inferences and 
description of detail in the present paper are by the writer, 
but the general conclusions are in substance the same as 
those arrived at by the Board. 

description of the SoUer. 

The boiler {Plate V.) consists of a cylindrical shell 10^ 
feet in length, with an extension of the top at the back end 
18 inches long in the form of a segment of a cylinder IT 
inches high the fiat part of which forms the top of the up- 
take. The cylindrical portion, which has the uniform diam- 
eter of iO inches from end to end, contains in its lower half 
fifty iron tubes, each lOJ feet long and 3 inches external di- 
ameter, firmly expanded around the heads which act as tube- 
plates. On both sides of this cylinder and precisely at its 
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horizontal diameter, there is riveted along its length (10^ 
feet) a strip of iron plate E P 9 inches broad hy ^ inch thict. 
Through each strip and the shell behind it tliere are pierced 
nineteen holes of 3 inches diameter connecting the interior of 
the cylinder with flat water-legs riveted npon each side and 
along the whole length (13 feet) of the boiler. The object of 
the plate is to mate the portion of the shell it covers equally 
strong with the rest of the cylinder, notwithstanding the per- 
forations. These legs are 3^ inches wide and extend 39 
inches below the axis of the cylinder, at the front end of 
which and beneath it and between the water-legs the furnace 
is placed. Behind the furnace there is a brick bridge-wall, 
and beyond that a brick floor which, together with the ash- 
door G- and the remainder of the water-legs and cylinder- 
bottom, form the conduit leading the heated gases from the 
furnace to the tubes. Immediately behind the brick bridge 
and partly bedded in it, there is a horizontal wrought-iron 
pipe 6 inches in diameter ; this pipe extends across between 
the water legs and connects them at right angles :^from its 
centre a vertical branch of the same diameter joins it to the 
bottom of the cylindrical shell. The purpose of this pipe and 
branch is to allow a free circulation of water between the 
bottoms of the legs and shell A smoke connection with suit- 
able ash-door is attached to the front of the cylinder, and the 
chimney is carried up from it. The whole boiler, as described, 
is elevated 35 inches to allow an ash-pit beneath the furnace- 
grate. 

The following are its principal dimensions and proportions, 
namely : 

Extreme length 13 feet. 

" breadth i feet 9 inches, 

height t feet. 

Contents of circumscribing parallelo- 
pipedon 432.25 cubic feet. 

Numer of tubes (iron) 50. 

External diameter of tubes 3 inches. 

Length of tubes 10 feet 6 inches. 
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Width of grate 3 feet 6 inches. 

Length of grate 4 feet. 

Total grate surface 14 square feet. 

Heating surface in tuhea 412. " 

Heating surface other than in tuhes. . 151. " 

Total heating surface 563. " 

Calorimeter or area of tubea for 

draught 2,062 " 

Height of smoke chimney above the 

grates TO feet. 

Contents of steam-room 31.46 cubic feet. 

Weight of water up to 4 inches above 

tubea 4310. pounds. 

Ratio of heating to grate surface . . . 40.214 to 1 .000, 
" grate surface to cross area 

of tubea for draiiglat 6.190' " " 

Ifiscwssion of the Besign ot the SoUer. 

From the foregoing description it is apparent, that as re- 
gards the arrangement of its evaporating surfaces this boiler 
belongs to the hoi-iaontal fire-tube type with the tubes returned 
above the furnace ; the only peculiarity is in the shape of the 
shell or envelope containing them. Now as the evaporative 
efficiency depends on the arrangement and proportions of the 
evaporating sui'faces alone, irrespective of the shape of the 
shell, provided the usual provisions for circulation he secured ; 
it is evident, that the evaporation given by this boiler will, 
according to its proportions of calorimeter, grate and heating 
surfaces, be the same as that given by others of the same 
type having equal facilities of circulation. There remains, 
then, to compare these facilities and to contrast the advan- 
tages and disadvantages resulting from the peculiar form of 
the shell with those resulting from the form habitually given. 

The original idea of Ellis' boiler has been a plain cylinder 
placed over a furnace and having its lower half filled with 
evaporating tubes ; it has been produced by the attempt to 
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form a ahell of suCBcieiit strength to resist high pressare steam 
without the expense and tohstructions of stays or bracing. 
Such a shell must of necessity be cylindrical, and as the con- 
ditions of strength required its diameter to be as small as 
possible, it was made just large enough to contain the tubes 
without the furnace which, as it could not be placed within 
the cylinder without greatly enlarging its diameter, had of 
necessity to be placed beneath it. If, now, we suppose the 
simple cylinder to be supported upon walla of masonry so 
arranged as to form the aides of the furnace and smoke con- 
duit below, we shall have the primitive conception ; but in 
this case there would result two considerable disadvantages : 
first, the want of provision for the proper circulation of the . 
water in the cylinder ; second, the loss of the sides of the fur- 
nace and smoke conduit as evaporating surfaceiS. The for- 
mer, however, is of the most consequence though the latter, 
too, is important. The first can be secured and the second 
avoided by replacing the walla of masoni-y with flat water- 
legs and attaching them to the cylinder in such a manner as 
to maintain ita integrity of form and yet allow a free com- 
munication between them. This has been done by perforat- 
ing that part of the cylindrical shell against which the water- 
lega are rivetted, with small holes having considerable spaces 
of solid metal between them. Notwithstanding the metal 
thus left, however, it is obvious that the strength of the sec- 
tion on the line of the perforations has been lessened, and in 
a higher ratio than the proportion of metal cut out ; hence it 
is necessary to strengthen that section, which has been done 
by rivetting over it an additional stiip of iron of such width 
and thickness that when similarly perforated the aggregate 
strength of the remaining metal on the line of the centre of 
the perforations shall bo equal to the strength of any other 
section of the cylindrical shell, either in the direction of or at 
right angles to its asia. To perfect the arrangement for cir- 
culation it was further necessary to connect the bottoms of 
the cylinder and water legs; this has been done by the hori- 
acntal pipe and its vertical branch situated behind the bridge 
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wall, and about midway the length of the cylinder. Were it 
not for this pipe, and if the length of the cylinder were just 
the length of the flre-gratcs beneath it, the mass of water in 
the cylinder being equally heated by the furnace below could 
have ao deecending currents, and as a consequence no as- 
cending ones except those made by the gradual boiling-off 
and pumping in of the feed-water; instead, therefore, of solid 
water being constantly presented to the heating surface by 
the currents sweeping away the steam bubbles as fast as 
generated, these bubbles would remain for some time in con- 
tact with the metal and only be detached at intervals when 
they had attained a large size, In this manner a film of steam, 
as it were, would for a considerable portion of the time bo 
interposed between the heat and the water, and as steam is a 
very poor conductor of heat the effect would be not only a 
great diminution of the evaporative efficiency of the heating 
surfaces, but also their rapid destruction. When, however, 
the length of the cylinder considerably exceeds the length of 
the fire-grates these effects are proportionally diminished, 
because the heat not being as gi'eat at the back end of the 
cylinder as at the end otrec tlie furnace, currents would-be 
generated sweeping the cylinder longitudinally from the back 
to the furnace end, rising at the latter and descending at the 
former. The circulation thus established would, in the case 
of a short boiler like Ems', be too feeble, but the addition of 
the pipe connecting the bottom of tlie shell and water-legs 
furnishes an avenue for motion, and the heated currents rising 
vertically among the mass of tubes, pour over laterally 
through the perforations into the water-legs down which they 
descend vertically to the cross-pipe whence they rise again 
and enter the cylinder at its lowest point to be again eub- 
mitted to the heat, and to perform their circuit anew. 
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Invention, or tVovelty Embodied in the Moiler. 

Having thus described the 1301161 and pointed out the con- 
ditions that determined its design, it is proper to next ascer- 
tain what are the novel features, or new combination of 
known features, which distinguish it from other boilers and 
give validity to the patent of the designers. In their letters 
patent, issued April 13th, 1858, the "claim" is narrowed to 
the following precise limits, namely : — " Connecting theivaier- 
legs extending from, the front to the rear end of the boiler 
continuously to tite shell [cylinder] of the hoUer nt the pmnt 
of the greoiesl horizonial diameter of the boiler," [cylinder.] 
It is, as will be perceived, a very restricted one and con- 
sists merely in the substitution of a rectangular for a 
cylindrical water conduit ; for essentially the same device 
and for the same purpose has been frequently practised in 
another form, namely: by uniting the upper water spaces in 
a boiler with the iower ones by means of a number of sepa- 
rate pipes placed at regular intervals, instead of a flat water- 
leg or continuous pipe pierced with holes at regular intervals. 
The two methods are precisely the same in principle and in 
practical effect also; they differ simply in the shape of tlie 
section of the water conduit, which in one case is a single 
parellelograra and in the other a number of equivalent circles 
whose diameter is the same aa the width of the parallelogram. 
As a mechanical device the water-leg is superior in one re- 
spect to the pipes and inferior in others, but the thing is so 
obviously the same that a patent could only be obtained by 
coupling its use with the condition of its application to the 
cylinder at precisely the horizontal diameter of the latter. If 
attached at any other point there would be no infringement 
of the patent, and it is difficult to understand how one was 
ever granted on so meaningless a fact; for the proper point 
of attachment will depend not at all upon the horizontal di- 
ameter of the cylinder but upon the level of the water within 
it ; because it is evident that if this level he below that di- 
ameter, as it easily may bo, then the water-leg if attached 
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there would be inoperative for circulatioE, for it would not 
commuQioate with the upper water spaces of the cylinder. 
And again, if the water level were carried considerably above 
the horizontal diameter, that line would not be the proper 
point of attachment as it would leave a mass of water above 
it cut off from circulation. The water-leg should cominuni- 
cate with the cylinder at such a point as would secure the 
perforations, being always just submerged when the water 
was at or near its working level. The aim should be to con- 
nect the extreme top and bottom of the water, and this con- 
dition and not the horizontal diameter of the cylinder deter- 
mines where the water-leg should enter it. 

I have said that the fiat water-leg was, as a mechanical 
device, superior to the pipes in one respect and inferior in 
others. It is superior inasmuch as it adds a considerable 
amount of evaporating surface; but, on the other hand, if the 
pipes are not evaporating surfaces they are from that very 
fact better as a means for circulation, because their temper- 
ature will be lower and the specific gravity of the water in 
them consequently greater. It is inferior in requiring sta,ys, 
as it is a flat surface; while the surfaces of the pipes being 
circular require none. 

Advantages and MHsadvaiOages of the Mailer. 

It is well first to inquire the merit of this boiler as advo- 
cated by its inventors. They assert in a note dated January 
21st, 1859, addressed to the Board of Engineers, that it " con- 
"sists in connecting the water-legs to a cylinder at or near 
"the mrUngwater line tlie whole length of the boiler, and we 
"claim to have gained by this device, 1st. The production 
"of dry steam by perfect and rapid circulation. 2d. Bcon- 
" omy of space. 3d. Strength equal to any other form of 
■'boiler, with less bracing. 4th. Convenient access to the 
"boiler for cleaning or repairs. 5th. Economy in the con- 
" sumption of fuel." 

It will not be difficult to show that of these five assump- 
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tions not one is true. "We will investigate the whole five 
in detail, comparing them respectively with the same quali- 
ties in the common horizontal fire-tube boiler of the same 
type as Ellis'. Before doing so, however, we will remark 
en passant, that in this very note tlie inventors have aban- 
doned their invention which was for connecting the water- 
legs to the cylinder al Us UrizmM diameter, and have 
attributed the merit to the fact of the attachment being made 
oi or Tiear the working water level, a point having no connection 
whatever with tlie horizontal diameter, as appears in the boiler 
experimented with in which the legs were attached above the 
horizontal diameter of the cylinder, as shown in Plato V. 

1 St. 0/ the production of dry steam by perfect and rapid cir- 
culation. The great efiect of vigorous circulation is to increase 
the evaporative efBciency of the boiler by sweeping the steam 
bubbles from the evaporating surface as fast as they are gen- 
erated, and continuously replacing them with solid water, 
Coincidently, the more complete the circnlation tlio greater 
will bo tho facility with which the steam bubbles are extri- 
cated fi'om the water, and the shorter will be the time occupied 
between their leaving the evaporating surface and emerging 
into the steam room. Both of these effects tend to the pro- 
duction of dry steam, but so far is Ellis' boiler from being 
preeminent in causing them that a careful inspection of tho 
design of tho boiler as exhibited in Plate V, will show 
how languid and imperfect the circulation of the water 
must have been, and how difficult it was to disengage the 
steam bubbles from the evaporating surface, and to re- 
place them with solid water. The boiler was a short one 
the length of the cylinder being only 3J- times the length 
of the fire-grates, and although the hottest part of the com- 
bustion was under the first half of the cylinder yet tho coolest 
partwasinthe portion of the tubes immediately over this 
half, while tho last half of the cylinder and the portion of the 
tabes over it were subjected to the mean temperature of the 
fiiel. The mean temperature, then, of the water in the cylin- 
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der throughtut ita length wis neaily the sane and thoie 
could scarcely have been any lungttuduidl currentb f r tU 
want of sufflc ent diffprences of tempcratuie to pio luct, them 
The entile cirL.ulitoi therefoie was what wis <Iue to tlu 
cross pipe tnd vertical branch conneotiog the bottoms of the 
water-legs and cylindei thia pipe wis of small dnmetci 
there was hut one f)i the entire boilei and its effect was 
chiefly 1 cal In allition the tubes ^ere arranj,ed not ■\ei 
tically ovei each othei as is usuilly done and wh ih all ws 
the freest ascent to the vertical currents, but they were so posi- 
tioned that the tubes of each row were placed over the open 
spaces between those in the adjacent rows, thus impeding by 
obsti-uction what feeble cuiTcnts did form, and hindering tiie 
disengagement of the steam bubbles. The tubes were fur- 
thermore situated very close together, their distance apart 
in the clear being only ^ inch, a space quite inadequate for 
the passage of the ascending steam and water currents. So 
far, then, was this boiler from having " a perfect and rapid 
circulation," that it might be characterized as possessing 
the very reverse property. 

The ordinary horizontal fire tube boiler of the same type 
as Ellis' has a much superior circulation. It has flat water- 
legs extending in efiect from the water surface to the top of 
the furnace, and formally from the furnace top to the flat 
water bottom which reaches clear across the boiler and en- 
tirely connects the top and bottom water spaces at all points. 
The tubes, being arranged vertically over each other, offer for 
this type of boiler the least possible obstruction to the ascend- 
ing currents which, by sweeping off the steam bubbles and 
replacing them by solid water more rapidly, enables a less sur- 
face to evaporate an equal amount of water in equal time. 
The foaming too, and wetness of the steam, will be in measure 
prevented by the greater steam room obtained with the ordi- 
nary horizontal fire-tube boiler in the same circumscribing 
parallelopipedon owing to the rectangular form of the shell. 
In these respects, therefore, Ellis' boiler Is inferior to others 
of the same type as habitually arranged. 
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2d. Economy of Space. -THe is a relative terra, and means 
quantity of grate and heating surface and steam room com- 
prised within a given parallelopipedon. Now, as it ia at once 
evident that the cuhical contents of a g[ven parallelopipedon 
cannot be equaled by any inscribed solid, it is plain that a 
circular shell can never contain the space of a rectangular 
one with sides equal to the diameter of the circle; hence, 
Elus' boiler cannot possibly be made to hold the same grate 
and heating surface and steam room as the ordinary horizon- 
tal fire-tube boiler with rectangular section. A simple inspec- 
tion will show that the large spandrels above the grates, which 
are wholly useless as furnace, cannot be filled with tubes as 
in the usual arrangement and are therefore lost ; while the 
upper spandrels of the cylinder are similarly lost for steam 
room. As regards " Economy of Space," then, this boiler is 
much inferior to others of the same type having the habitual 
form of shell. 

Sd. Slrenglh equal to any other form of boiler imih less brac- 
ing. The proper manner of stating this quality would be 
" Equal Strength with less Material than in any other form 
of boiler." And iirst, of the flat surfaces. It is obvious that 
they will require the same staying as the flat surfaces of any 
other boiler; there remains then only the cylinder containing 
the tubes, and as its diameter is determined by the width of 
the furnace beneath it, there would, for a large boiler, be re- 
quired as many cylinders as furnaces, and having flat water- 
legs of double width between them. The quantity of metal 
in tbiseucceseionof cylinders would far exceed that required 
for the corresponding portion of the shell and its staying in 
the case of an ordinary horizontal fire-tube boiler of rectangu. 
lar section and embracing from four to seven furnaces, the 
greater the number of furnaces, the greater would be the gain 
for the ordinary boiler. Neither must it be overlooked that 
the perforated strips of plate E F replace to a great extent, 
both as regards weight and workmanship, tho stays rendered 
unnecessary by the circular form of the cylinder. So far 
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then fi'om Ellis' boiler having equal strength with less mate- 
rial, that it requires more material when several furnaces 
are employed than the ordinary horizontal fire-tube boiler. 

4th. Conve)iient access to the boiler for cleaning or repairs. 
In this respect it is scarcely equal to the ordinary tubular 
boiler with circular topped furnaces, which permita a man to 
easily enter between the fui-nace crown and lower row of 
tubes and perform any repairs or cleaning within reach. 

5th. Economy in the consumption of fuel. This is a point 
only to be ascertained by an actual experiment. It was made 
by the Board of Engineers which found the evaporation of 
water by Ellis' boiler to be, under very favorable circumstan- 
ces, and measured in a Tank before being pumped into the 
boiler, 9.010 pounds from a temperature of 100° Fahr. by one 
pound of first quality steam coal. This, under the conditions 
of the case, and considered in connection with the proportion 
of grate and heating surface employed, must be consideed a 
mediocre result, and less than would have been given by an 
ordinary horizontal fire-tabe boiler of the same type and propor- 
tions. The experiment was made as Lcrcinbclow deecribccl. 

JfMminer of Conducting the ^SSxperinient, mnd 
the Experwnental lOata and Results. 

A portion of the steam from the boiler was need to sup- 
ply a very small engine doing the hotel work ; but the 
principal part was consumed for warming, washing, and 
cooking purposes. The drain of steam from the boiler was, 
therefore, nearly continuons, and not intermittent as in the 
case of its being worked off by a steam engine ; consequent- 
ly, at no time did the boiler show the slightest indication of 
priming ; on the contrary, when one cock showed solid water, 
the nest, two inches above it, showed clear dry steam. 

As it was impossible to use an Indicator in the case, the 
evaporation was determined by measuring the water in an 
open Tank previously to its being pumped into the boiler. 
The dimensions of this Tiirikwere C feetby 2 foet by 2 feet; it 
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contained exactly 24 cnbic feet, and was made of wood and 
lined with sheet lead. As often as evacuated it was re-filled 
through a pipe from a large cist«rn situated above it. Prom 
the Tank, the water was forced into the boiler by a small 
Steam pump. Exactly eleven tankfnle were .evaporated. 

The coal consumed was excellent Cumberland, a first qual- 
ity steam coal, dry, free-burning, and semi-bituminous, giving 
the very small residuum of 12| per centum. The coal and 
ashes were carefully weighed with a sensitive balance; the 
ashes were in a perfectly dry state no water having been 
allowed to wet them. 

During the experiment, the pressure of the steam per 
gauge, and the temperature of the water in the Tank and of 
the air in the boiler room were taken every half hour. The 
extreme temperatures of the water were iS" and 53" Pahr., 
mean 49°, The boiler room was a portion of the hotel and 
its temperatm:e did not sensibly vary. 

The temperature of the products of combustion when they 
entered the chimney, were approximately determined by 
placing separately upon a brick, and immediately in front of 
the tubes, a piece of tin and a piece of sheet lead, and allow- 
ing them to remain for several hours. The tin was com- 
pletely melted, but the load did not show even on its sharp 
edges the least trace of fusion. The melting points of tin 
and lead are respectively 458° and 600° Pahr. The temper, 
ature of the products of combustion as they left the boiler, 
was between these points, and probably at about 500° Fahr. 
The experiment was commenced at precisely 9 A. M., Jan- 
uary 22d, and continued until 9 P. M. of the same day. At 
the commencement, a large, clean fire was upon the grate; 
the steam pressure in the boiler was 30 pounds per square 
inch above the atmosphere by an Ashcvoft guage; and the 
height of the water in the boiler was carefully noted on a 
glass gauge situated several feet from the boiler and connect- 
ing with it by tubes. At the close of the experiment the 
water was left at precisely the same height in the glass 
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guage; the steam at tlie same pressure in the boiler; and the 
fires in the same state, as nearly as could be estimated, as at 
the commencement. This method was the only one at com- 
mand as the Hotel could not dispense with the use of the boiler 
for an hour. The objection to it is the possible eiTor in the 
estimation of the coal on the grate; hnt with experienced 
Engineers and so small a grate, it is highly improbable tbat 
any error could be made large enough to be of practical im- 
portance. 

In calculating the results the weight of water evaporated 
was found for its mean temperature of iQ° from its known 
weight of 62.821 pounds per cubic foot at the temperature 
of C2° Fahr. ; the relative specific gravities being taken at 
1.00000 and 0.99908 respectively. As there were eleven 
tankfuls of 2i cubic feet each, we shall have for the weight 
of water evaporated from the temperature of 49° Fahr. 

The mean boiler pressure was 85 pounds pei- square inch 
above the atmosphere, and taking the total heat of steam of 
that pressure at 1199°3. Fahr., we shall have for the weight 
of water evaporated from 100° Fahr. ( — , ' _^ -|t| — ^^^ J 

U231.9 pounds: and from 212° Fahr, C"";^"^^^^^ ) 
19186.1 pounds. . 
The following are the experimental data and results, name- 

Duration of the experiment, in hours 12. 

Mean temperature of the feed-water in the tank, 

in degrees Fahr 49, 

Mean pressure of the steam in the boiler, in pounds 

per square in. above the atmosphere 35. 

Total weight of water evaporated from tempera- 
ture of 4y° Fahr 16461.9 

Total weight of water evaporated from tempera- 
ture of 100" Fahr 11231.9 
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Total weight of water evaporated from tempera- 
ture of 312° Fahr., in pounds 19186,1 

Total weight of Cumberland coal coDsumed, in 

pounds 1900. 

Total weight of ashes, clinker, and fine coal with- 
drawn from ash-pit, in pounds 242. 

Per centum of ashes, clinker, and fine coal 1 3|. 

Pounds of coal consumed per hour per square foot 

of grate surface 13.51 

Founds of combustible consumed per hour per 

square foot of grate surface 1 1.84 

Pounds of water evaporated from a temperature 

of 100° Fahr. by one pound of coal 9.010 

Pounds of water evaporated from a temperature 

of 213° Fahr. by one pound of coal 10.098 

Founds of water evaporated from a temperature 

of 100° Fahr. byone pound of combustible.. 10.393 
Pounds of water evaporated from a temperature 

of 312" Fahr. byone pound of combustible. . 11.512 
Mean temperature of the boiler-room, in degrees. 

Fahr. ■ 66. 

The experiment showed that the temperature of the pro- 
ducts of combustion was about 500° Fahr., after having been 
subjected to a heat absorbing surface of over forty to one of 
the grate surface. The ratio of the diameter to the length of 
tlie tuljes was one to forty two. The calorimeter was 1 to each 
6.19 of grate area, a proportion that practice has determined 
to be about the best. The combustion was by no means forced, 
being only 13.51 pounds of semi-bituminous coal per square 
foot of grate per hour, which is not above the average in 
practice. Yet notwithstanding all these favorable propor- 
tions, more favorahle far than are habitually given, the evap. 
oration measured by the Tank was only 9.010 pounds of water 
from a temperature of 100° Fahr. per pound of first qual- 
ity coal. This must be considered a mediocre result. 
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Experiments made hy order of the U. 8. Navy Deparbnient on 
board the Screw Frigate " San Jacihto," at the New York 
Navy Yard, June, 1859, to determine the Relative Evapor- 
ative Effkiencies of the horizontal fike^ube, and the verti- 
cal WATEB-TOBE BOILER, 



Upon the return to the New York Navy Yard of tlio U. S. 
Screw Frigate "San Jacinto," in 1858, from a tlirce years' 
cruise in the East Indies, it waa found necesaaiy to remove 
her original three copper flue hollers; and the opportunity 
waa embraced in replacing them with two iron Tubular boil- 
ers, to make one of them of the horizontal fire-tubo type, and 
the other of the vertical water-tube type, for the purpose of 
ascertaining their relative evaporative efficiencies by an un- 
exceptionable experiment. 

Id order that the comparison might he purely between the 
two types of boiler, it was determined that it should not be 
influenced by difierence of furnace, of calorimeter, of smoke 
connections, or of chimney, or of anything— excepting the tubes 
—that could differently affect the evaporation in the two 
cases. It waa determined, also, with the view of obtaining a 
rigorously comparative result under the conditions of actual 
practice on board marine steamers, that the experiment should 
be made by operating the engines and screw with the vessel 
secured to the dock, and measuring the weight of steam dis- 
charged from the cylinders at the end of the strokes of their 
pistons by means of the Indicator, Accordingly, after the 
new tubular boilers were placed in the vessel and the entire 
machinery had been put in complete repair for another cruise, 
a Board of Chief Engineers composed of B, P. laherwood, 
Wm. E. Everett, Jas.W. King, and John Faron, were con- 
vened by an order of the Secretaiy of the Navy to make the 
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proper esperiments, and to report the results. This duty 
was performed by the Board with the utmost care and fidel- 
ity; and in tlie present paper will be found all the facte 
and inferences contained in their report, together with sev- 
eral others, and more explanatory matter. The writer has 
carefully reTieed the calculations in that report, and has 
made a complete analysis of all the indicator diagrams, for 
the purpose of verifying or correcting the statements of the 
Board. The result has been to slightly modify the figures of 
some quantities, but the important facts remain substantially 
unchanged. In order to render the account of the experiment 
as complete and as intelligible aa possible, it will be prefaced 
by a description of the rival boilers, the engines, and the 
screw employed. 

SPescHptwn of the MoUers. 

The boilers, shown in Plates VI. and VII., were placed 
fronting each other and separated by a flre-room 8^ feet wide 
extending in the fore and aft direction of the vessel. There 
was one telescopic chimney in common and it was situated 
at the centre of the boilers immediately over the fire-room. 
The shells were precisely the same, both as regards form and 
dimensions, which was also the case with the furnaces, ash- 
pits, smoke connections, grate-bars, doors, and water-ways. 
The only difference was in the tubes, which in ono boiler were 
according to the type known as the common marine tubular, 
having the tubes arranged horizontally above the furnaces, 
surrounded with water, and containing the products of com- 
bustion ; while in the other boiler they were according to the 
vertical water-tube type, and arranged vertically above the 
furnaces as patented by Chief Engineer D. B. Maetin, TJ. S. 
Navy, being surrounded by the products of combustion, and 
containing the water-within. The two kinds of tubes, then, 
though performii^g the same function of transmitting the heat 
of the products of combustion to the water, were diametrically 
opposed in the mode of doing it; in the one case they were 
horizontal fire-tubes; in the other they were vertical water- 
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tubes ; both occupied the same apace and had the same rela- 
tive position to the furnace and chimney; and the object of 
the experiment was to determine the difference of evapora- 
tion due to this difference of type per se, irrespective of all 
extrinsic influence. In botli boilers the tubes appertaining 
to each furnace occupy nearly the same space, namely, a 
length of 1 feet, a breadth of 3 feet, and a height with the 
horizontal fire-tuhee of 31 inches, and of 33 inches with the 
vertical water-tubes. The distance between the crown of the 
furnace and the lower tube-plate with the vertical water- 
tubes, is 10 inches at the front and 8 inches at the back of 
the boiler; roith the horizontal fire-tubes these distances are 
respectively 8 and 6 inches, and they could be reduced to 4 
inches, while with the vertical water-tubes the 10 and 8 
inches are indispensable for putting them in. The two kinds 
of tubes couid have been ao placed that the tops of each 
would have been at the same height above the crown of the 
furnaces, the additional 4 inches of height with the horizontal 
fire-tubes being provided for in the i inches less space re- 
quired between them and the furnace crown; but in the 
actual arrangement the tops of the horizontal flre-tubes rose 
2 inches above the level of the tops of the vertical water- 
tubes, and diminished the steam room by that space. The 
distances, however, of 8 and 6 inches between the furnace 
crown and lower row of horizontal fire-tubes, are no more 
than what are' properly required for the accommodation of the 
steam and water currents. 

In the vertical water-tube boiler there wag placed at the 
top of the tubes at the point where the products of combaa- 
tion are delivered from them into the chimney, a hanging 
bridge composed of two pieces of iron plate, each 6 inches 
wide and hinged for turning up or throwing back when re- 
quired. The object of this bridge was to retain the products 
of combustion around the upper part of the tubes until the 
heat was au£Sciently abstracted, as experiment has amply 
shown that without this bridge the portion of the products of 
combustion which passes along the upper tube-plate is de- 
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liveicd into tlio chimney at a muoli higlier temperature than 
those from the lower portioua of the tubes. The bridge waa 
arranged to leave a clear space of 2 inches at its top he- 
tween it and the upper tube-plate, bo as to greatly lessen 
without completely stopping the draft at that point. 

The centres of the tubes of each longitudinal row of vertical 
water-tubes instead of being placed in straight lines from 
the back to the front smoke connections, were slightly aig- 
zagged that the tubes might bo the mote directly exposed to 
the currents of the heated gases. The lines of the centres 
of every other tube of the same row diverged from the back 
tube so as to be I of an inch apart at the front tube. This, of 
course made tho direct cilorimcter or area for draft, measured 
at the fiont tubes considerably less than the same n easnitd 
at the back tules Tiane^eisely to the furnaces the lovs 
of tubes had their centres in the same straight Im 

The centies of the tubes of each peipendiculai row f hci 
zontal Sic-tubos aie in tho same stiaight bne Ii both 
boileis manlioles gne easy access between tic bottoms f 
the tubes and the ciown of the fuinaoes tho braces being 
urangc 1 to allow tlic pasaag of a man fiom f out to back 
of boilei without distirbing tlicm As fai as practicable 
both boiloiB weie biaced alike the same quantity of the 
same T lion being used m each and in the same i laces 
when Surfed they weie subjected to a cold lylroBlatic 
picssuie of 50 pounds to tie biinaie inch Tie shells 
weie of I inch thick lion plate with the excepti n of the 
bottom and ashpits which wc e A »"1' *>> * *" f imaces 
and sn oke connections weie of } inch thick plate The 
tube plates fii the leitioaltul cs weie i mih tlick non—f r 
the horizontal tubes A inch tl.ick. Every seam eicept wheio 
in contact with fire, was double riveted and caulked on both 
sides. The furnace doors had each nine perforations, giving 
in tlie aggregate 9 square inches of area for the admission of 
air above the incandescent fuel; this air was distributed by 
an interior lining of the size of tlie door, perforated over its 
whole surface with S, inch diameter holes. All the Inbcs 
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were of drawn brass (not brazed) ; the vertical ones were 
No. 13 wive gauge in tbiokneas; the horizontal oneawereNo. 
10 wire gauge in thioknesa; both tubes were expanded on the 
inner aide of their sheets and riveted over on the outer side. 
The smoke connexion doors were the same except in height, 
which with the horizontal fire-tubes waa 31 inches, while with 
the vertical water-tubes it was only 34 inclies, no more being 
required with the latter for sweeping them of soot; and thia 
less height is a great practical convenience. WitJa the hor- 
izontal &e-tubc3 one vertical row of the two centre furnaces 
was omitted, in order to make room for the turn-buckles 
setting up the cross braces. 

The following are the dimensions, proportions, and weights 
of the two boilers: 
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tube Boiler. 
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31 ..3 








lA^th' of boiler (MlLwsttehip) eiton» m fee 
B«gl;t of irSie!, exclBsirs of steam cliiiiuiey oi 


11.. 


■■ 




11.. 


d™ni,iBfeetBiiamoIi(B 






Height at boiler inelo^Ta et ateuu ddmney o 






drum [D feet Bud Inches. 


13., 3 




Ntmliei rfnumces 






Le^igthV^^atplnfeat 










KSmbsrofbrsBBttibes 


4H-" 


103,. 
1,620, 








Intenal Mioneter of the tubes in inohes 






Length of the tubM in toohea, ertremB 






Length of Ae tnlies in inohee between sialte. 


SJ'i- 




KstKDce botweon centres of tubes Tectlcally, lu In s 


i- 










naces, hi Inches 
BistBuce betneen centres of lubes lengthni^ tli< 


ii- 


3ft. 


fntmoes, In Inehes 






Number of rom of tubes vertlcsUy 






Number of rovs of tubes ccnKmee the fumsces. 






Komber of roM of tubes lengthwise the turnaofs 






LeuEth of tiie spMe ownjied bj the tubes of eMh 
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WMtb of the space occupied by the tubes of eacl 










furnace mixes 
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Space bet-een crown of fVimace and bollom .1 






'tnbes, In Inches 
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i6.m9 




2Ba.2o 
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HpBtini; surface In the hick smolie connexicni, In 






squu=f«t 
Heilmg aurbca in the front smote cnneiions, In 
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2,532,64 
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2,111,00 


Heiting sur&oo to the sides tops, and bottoms of 












Total heating' 9nr£ice, the tube snrihce being meas 
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2,86S.8S 


3,0TS.61 


Diameter of smoke pipe, in feet and inches 






Height of smoke pipe above flre-gnte, to O. and in. 
eteamioora to bmler tai steam cldmnej er drum, 
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to^incbca abcre tubes, in ponnds..,,. 


«,CO0. 




TCcixht of boiler, escluiive of nater, irru^e bars, and 
™lTes, but tokusiye of tubea, «y^.hol^ a-d 










86,412. 




Batlo of heating ht ^ta anrisiu,^e tuba surface 






2e,Bsa to 1,000 




Ratio of hea-Uug to grate surface, the tube Burlkce 










28,450 to 1,000 
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The proportiona adopted for the vertical water-tube boiler 
were the beat as determined by an extensive experience ; and 
it is not probable they conld have been changed with any ad- 
vantage aa regards evaporative effect per pound of combus- 
tible. The proportions of the horizontal flre-tube boiler were 
made as nearly aa possible the same, in order to determine the 
difference in value of the tube surface jperse. The proportiona 
given to this kind of boiler vary greatly in practice, but it is 
believed that those of the experimetttal boiler are about the 
average. A tube having a length of 1 feet for an external 
diameter of 3 inches, a draught area of about one-sixth the grate 
surface, and a heating surface of about 36J- to 1 of grate, does 
not differ materially from the practice of the most successful 
builders. That these proportiona, however, are not the best 
for high evaporative effect, was very clearly shown during 
the experiments. The tube was too short for its diameter, 
the ratio of calorimeter employed too great, and the ratio of 
heating to grate surface too small. Could these proportions 
have been advantageously changed with the tubes occupying 
the same space ? They could, by simply decreasing the ex- 
ternal diameter of the tubes to Scinches, and increasing their 
number to about 580. The dimensions of the space in which 
the horiaontal flre-tubes were placed, were not favorable for 
properly proportioning them for maximum economic evapora- 
tion. It waa too high and too short. It would have been 
better in occupying the same number of cubic feet of space 
with a given width, to have had it longer and lower, but that 
would have increased the length of the boiler. Under no 
conditions, however, is it possible to have as good proportions 
in as small a space with the horiaontal flre-tube as with the 
vertical water-tube ; in this respect — and it is a most import- 
ant one— the latter is unapproachable by its rival, and equal- 
ity can only be obtained at the expense of a considerably in- 
creased space. For good proportions in minimum space, the 
superiority of the vertical water-tubes is so great that it is 
probable in the case of the experimental boiler, the length 
occupied by the tubes could, with the weight of coal con- 
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Slimed per square foot of grates per hour, have been much 
shortened without sensibly impairing the economic result. 

If the calculations of the heating surface in the preceding 
Table be oliserved, it will be perceived that they are made 
for both the external and the internal area of the tubes ; and 
as the difference is very considerable, it ja of importance to 
determine which is the correct measurement. In the case of 
the horizontal fire-tubes, their exterior is in contact with the 
water and their interior with the products of combustion ; 
while in the case of the vertical water-tubes this distribution 
is exactly reversed, the products of combustion being on the 
outside of the tubes while the water is within them. Hence 
in calculating the heating surfaces of the two kinds of tubes, 
if the area in contact with the water be the proper one, 
the comparison will be between the exterior surfaces of the 
horizontal fire-tubes and the interior surfaces of the vertical 
water-tubes ; but if tho area in contact with the products of 
combustion be the connect one — as it unquestionably is— then 
these quantities will be exactly reversed, and the comparison 
wOI be between the interior surfaces of tho horizontal fire- 
tubes and the exterior surfaces of tho vertical water-tubes. 
Let us now ascertain the difference in the total heating sur- 
face of the two boilers due to the two modes of measurement. 
With the horizontal fire-tube boiler, the total area of heat- 
ing surface measured on the outside of the tubes, is 286T.63 
square feet ; with the vertical water-tubo boiler the total area 
of heating surface measured on the inside of the tubes, is 
3073.61 square feet ; the difference being 205.98 square feet 

°'^ ( ~ ^y^i — =) S.l per centum of the surface of the 

horizontal flre-tube boiler in favor of the vertical water-tube 
boiler, making the comparison by area in contact with the 

But if the comparison be made correctly — that is, for the 
areas in contact with the products of combustion— then the 
heating surface of the horizontal flre-tube boiler measured on 
the inside of the tubes, is 2663.88 squai-e feet; while with 
the vertical water-tube boiler measured on the outside of the 
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tnbes, it ia 3295.25 square feet ; the difference being 631.31 
square feet or ( ^^°^'^~ |^ -^^^ '- - =) 23.1 per centum of the 
surface of the horizontal fire-tube boiler in favor of the verti- 
cal water-tube boiler. 

It thus appears that with the proportions of the experi- 
mental boilers, the vertical water-tube had the great enperi- 
ority of containing 23.1 per centum more heating surface in 
the same bulk ; nor is it possible by any change of the pro- 
portions of the horizontal fire-tubea to much modify this fact, 
for it is an advantage inherent to the vertical water-tube type 
ill connection with the heating surface contained in the tube 
boxes. 

That the measurement of the surfaces in contact with the - 
products of combustion is the correct one, will be apparent if 
we consider that tbe power of the wat«r to absorb heat great- 
ly exceeds that of any metal to transmit it. Now the area 
for the reception of the heat ia evidently that in contact with 
it, and as the tube can transmit no more than what enters by 
this area, it is plain that this area is the correct measure of 
the heating surface of the boiler. 

The weight of water contained in the boilers up to 9 inches 
above tlie top of the tubes, is calculated for fresh water and at 
the steaming temperature of 243° Fahr. The weight of a 
cubic foot at that temperature is taken to be 59,073 pounds, 
on the supposition that the specific gravity of the water less- 
ens as much from 212= to 343° as from 181= to 212° Fahr,, 
and that the weight of a cubic foot at 62" Fahr. is 62.321 
pounds. The specific gravity of water at 63° being 1.001010 
and at 312" Fahr. 1.042986, the weight of a cubic foot at the lat- 
ter temperature will be 59.813 pounds. The specific gravity of 
water at 181° Fahr. is 1.030231, consequently the weight of 
a cubic foot at that temperature will be 60.553 pounds ; and 
60.653—59.813 = 0.140, and 59.813— 0.14O = 69.013, the 
weight in pounds of a cubic foot of fresh water at 243° Fahr. 

In comparing the weights of water contained in the experi- 
mental boilers, it will be perceived that the vertical water- 
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tube has an advantageinlightuessof (46600— 39200=) 1400 

pouads, and that it contains ( i^m~ — ==) ^^-^ P^'' centum 

less water thau its rival. 

In weight of tiihes — which being of braes are expensive — 
the vertical water-tube boiler has the advantage of (10115^ 
9856:^) 259 pounds less than the horizontal fire-tube boiler, 
or the vertical water-tubes weigh (— — ^^^^° ' - - - ^=) 2,56 per 
centum less than the torizontal fire-tubes, although the form- 
er contain the most heating surface ; this is, of course, due to 
the greater thinness of their metal. 

The gross weight of the two boilers, including tubes, etc., 
but exclusive of water, differs only ty (86860 — 86412^) 
448 pounds or ( ^^'VeTw '''°° =) ^-^^ Per centum of the 
weight of the vertical water-tube boiler in favor of the hori- 
zontal fire-tube. This is caused, notwithstanding the 259 
pounds leas weight of the tubes, by the additional weight of 
the sides of the tube-boxes and of the top and bottom tube- 
plates with the vertical water-tube boiler. 

If, however, the gross weight of both boilers, inclusive of 
water, be compared, we have for the horizontal fire-tube 
(86412+46600=) 133012 pounds against (86860+39200 
=) 196060 pounds with the vertical water-tube, difference 
6952 pounds or ( '""""f" ^ =) 5| per centum of the 
weight of the horizontal fire-tube boiler in favor of the verti- 
cal water-tube. 

Itescription of the Engines. 

There wore two horizontal, condensing, geared engines, 
placed on the same side of the vessel, aud connected upon the 
main shaft at right angles to each other. The cylinder valves 
were of the usual double poppet kind, and the steam was cut 
off by the steam valve with the adjustable arrangement pat- 
ented by Allen & Wells. The two engines have one surface 
condenser in common, constructed according to tho Patent of 
J. P. PiRssow. It is not a close surface condenser, but the 
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spaces witbin and without the refrigeratiag tubes arc in com- 
munication -with each other by means of large apertures, so 
that whatever steam escapes condensation by the tubes 
passes through the apertures and is condensed by the shower 
of refrigerating water falling freely in vacuo among the tubes. 
There is consequently the same vacuum on the outside of the 
. tubes as within them, and were there no air-leaks this vacu- 
um could always be made equal to a column of mercury 21 
inches high let the tube surface be efttoient or not, for what- 
ever st«am passed it would be condensed by the shower as 
in the usual jet condenser ; any deficiency of vacuum, there- 
fore, with this condenser, is due purely to air-leaks. Of 
course, whatever st«ara passes the tubes and becomes con- 
densed by the shower or jet, is so much loss of distilled water 
to the boiler. The condenser is exhausted by two large air 
pumpa (one to each engine) in communication with the space 
outside the tubes ; that is, between them and the shell ; and 
the distilled water resulting from the condensation of the 
steam by the tubes, is drawn off by one small air-pump (in 
common for both engines) in communication with the space 
inside the tubes. 

Just previous to the experiments the cylinders had been 
newly bored, the engines relined, and most of the principal 
journals provided with new brasses. The entire cylinders, 
valve-chests, and steam" pipes up to the boilers, were covered 
with a thick coat of felt cased over with wood. 

The following are the dimensions required to be known in 
connection with the experiments, namely :— 

Diameter of tlie forward cjlinder 70^ inches. 

after " T0| " 

" " piston rod (one to eaei engine) ... 7 " 

Stroke of piston of both eagines 4 ffeet. 

Aggregate urea of both pistons, ezolusive of area of 

piston rods 7713,516 sq. inches. 

Space displacement ofbothpiEtons per (lonblestiolne, 

exclusive of balk of pistonroda 428.528 cult. ft. 
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Space comprised between pistons and steam valves 
(which are also the oatroff valves) atboth enda 
of both cylinders per double eti'oke of piston . . l!i,220 cubio feet. 

Total space filled with steam of Ihc final cylinder 

preeaure, per doable stroke of both pistons 417.718 " 

Total number of refrigerating tulics (copper) in con- 
denser 1210 

Length of tahea 5 feet-. 

External diameter of tubes 1 inch. 

Area of oondenaing surface in tubes 1581 square feet. 

jDescription of the Screw. 

As it may be useful to some reader to know the dimensions 
of the Bcrew in connection with the facts of tliese experiments, 
they are given as follows, namely v — 

Diameter of the screw IB feet. 

Diameter of the hub 26 inches. 

Pitch (uniform) 22 feet 6 inches. 

Length'of the screw In the fore and direcHou of the vessel, 32 inches. 

Number of blades 3 

Multiple of Geai'ing 23. 

JWode of Conducting the Experiments. 

As the experiments were made for the sole purpose of de- 
termining the relative evaporative efficiencies of the two kinds 
of boilers, it was uanecessary to take the ship to saa ; and 
for the sake of convenience the engines and screw were oper. 
ated with the vessel securely lashed to the dock of the New 
York Navy Yard. The object being to ascertain the evapo. 
ration under the ordinary conditions of actual practice, the 
experiments with each boiler were continued uninteiTuptedly 
for ninety-six hours In order to include the effects of average 
care in firing, of dirty fires, and of losses in cleaning the fires. 
During the experiments regular sea-watchea were kept by the 
Firemen and Assistant Engineers of the vessel, superintended 
by the Board. A log was kept by the senior Engineer of the 
watch, who entered in it at the close of each hour the average 
boiler steam pressure for that hour as shown by an open 
syphon mercnrial gauge with glass top ; the average vacuum 
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iu the condenser as atiown by a close ijarometer gauge ; tUe 
temperature of the engine room, of the fire-room, of the salt 
and fresh water hot-wells, and of the injection water ; the 
weight of coal thrown into the furnaces, and of dry refuse in 
ashes, clinkers, and fine coal witlidrawn ; the saturation of 
the water in the boiler, and the number of inches in depth 
jlown out and fed in from the salt water hot-well to maintain 
it at one and a half time the natural concentration. The 
number of double strokes made by the engines' pistons, was 
taken by a self-registeving counter and entered every hour. 
An Indicator double diagram was taken at the end of each 
hour from both cylinders, and from the mean of the final 
pressures as given by these diagrams the evaporation was 
calculated. The thermometers were placed in the centre of 
the engine and fire-rooms, and those showing the tempera- 
tures of the hot-wells had their bulbs constantly immersed in 
the water. 

In making the experiments every precaution was taken to 
insure exact similarity of circumstance with both boilers. 
The same Indicators (one permanently fixed to each engine), 
thermometers, gauges, and scales, were employed ; and the 
same Firemen fired both and were directed by the same As- 
sistant Engineers. The cutoffs, set to suppress the admission 
of the steam into the cylinders at -i^ of the stroke of piston 
from the commencement, were secured to prevent accidental 
alteration ; and the throttle (a butterfly valvej was kept un- 
changed at two holes open on the arc, eight holes being wide 
open. 

The experiments with both boilers were begun and con- 
cluded at mid-day. They were first made on the horizontal 
fire-tube boiler, commencing at noon on the 10th of June and 
ending at noon on the 14th ; at which time precisely — the 
steam in the vertical water-tube boiler having previously 
been raised for some time and blowing off, and the fires brought 
to steady action-;— the screw stop valve of the horizontal fire- 
tube boiler was closed and that of the vertical water-tube 
boiler opened without stopping the engines, and flie experi- 
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ments continued without interruption until they ended at 
noon on the 18th of June. They thus embraced exactly nine- 
ty-eis consecutive hours with each boiler. 

The experiments were conducted in precisely the same 
manner with both boilers. At the corawiencement they were 
filled with sea water, and no account was taken of its tem- 
perature, or of the weight of fuel required to raise the steam 
to a pressure of 22 pounds per square inch above the atmos- 
phere ; but as soon as it reached that point, the height of the 
water in the boiler was noted upon the glass water guage, the 
condition of the fires was carefully ob=!erved, and the engines 
were started. At the end of each experiment the height of 
water and the steam presfcure in the boiler were left the same 
as at the commencement, as was also the condition of the 
fires as nearly as could be estimated by the eye. 

The indicators were large excellent instruments, and had 
been properly tested and put in complete order for these ex- 
periments ; they worked vei j sitisfattoi ily aod gave smooth- 
lined diagrams in whose coiiectness it h believed every con- 
fidence may be placed. A fan specimen of these diagrams will 
be found in Plate IT. A caieful analysis was made of all 
the diagrams taken, and the resptctive quantities will be 
fouttd in the following Table 

The coal used was hard Petmijlvania anthracite of veiy in- 
ferior quality, giving for a mean with slow combustion the 
excessive amount of over 25 per centum of dry refuse. Every 
pound of the coal and of the refuse was weighed in the same 
scales. 

The boilers with the exception of the bottoms, were thor- 
oughly covered by a tliick coat of new felt ; the tops and the 
steam chimney were additionally protected by sheets of lead 
soldered together over the felt, and for the steam chimney 
there was still over the lead a casing of wood. 

The great advantage of continuing the experiments with 
each boiler for eo long a period as four consecutive days, was 
the certainty of obtaining correct practical results whose 
probable error would not equal one per centum. Experiments 
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of this kind on snoh large boilers are reliable, ceteris paribus, 
in proportion to their duration ; the longev the time the less 
becomes any error from a single observation because it is 
distributed among quantities so large that it forms but an 
inappreciable fraction of them. In extended experiments 
where there are a great many nuoierical observations, there 
also results great accuracy in their means from the correction 
of errors, and the greater the more numerous the observa- 
tions. A short experiment with such large boilers contain- 
ing so many furnaces, would be comparatively unsatisfactory 
from the impossibility of knowing how near the condition of 
the fires was the same at the commencement and end ; from 
the inequality in firing ; from the different proportion of re- 
fuse found even in different shovelfuls of the same heap of 
coal ; from the fluctuations in the draught ; from the losses by 
cleaning the furnaces ; from the different quantities of air in 
proportion to fuel adm tted •it d ffereut times ; and from the 
more or leas perfect comb -Jt on of the coal which depends so 
much on the -size of the 1 1 nps the thickness of the bed of 
coal on the gratei the clein ess of the fires, and the absence 
of holes in them, &c the avenge of which conditions, though 
sensibly the same for long tinK6 and large quantities, may 
vary greatly for short times and small quantities. 

MoM and Mesults of the Hxpet'lments. 

The following Table contains the observed data and the 
calculated results of the experiments with the two boilers : 
the quantities given are the means of all the observations 
taken. The weight of water evaporated is obtained by calcu- 
lation from the pressure of the steam at the end of the stroke 
of the pistons as given by the Indicator ; and to this is added 
the evaporation due to the heat required for producing the 
power of the engine, which heat was obtained by the conden- 
sation of steam in the cylinders. This evaporation is calcu- 
lated for Joule's equivalent of one pound of water raised one 
degree on Fahrenheit's scale for every 112 foot-pounds devel- . 
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oped by tlie engines. There is also added the evaporation 
due to the diEFerence of the heat in the water blown out of 
the boiler and pumped-in from tho salt water hot-well to main- 
tain the boiler water at one and a half time the concentration 
of sea-wat«r, as there was a small deficit in the distilled 
water furnished by the condenser for feeding the boiler. 
The total evaporation is the sum of these three quantities. 
It is, of course, too small by the weight of steam condeneed 
in the boilers, steam pipes, and cylinders from any causes 
whatever ; and by the heat lost in water leaking from the 
boilers or priming over into the cylinders. 

The boilers had been tested cold and made tight under a 
hydrostatic pressure of 50 pounds per square inch above the 
atmosphere, and there was during the experiments no percep- 
tible leaks, hut tiiere might have been a slight leakage in tlie 
connexions not discerned. I have known, this to be the case 
when the most careful examination failed to detect it. 

The boilers did prime though not inconveniently, and this 
was what might have been expected, notwithstanding the 
throttling of the steam and the slow speed of piston, from the 
small capacity of the steam-room compared with the capacity 
of the cylinders ; for it must be remembered that only half the 
steam-room was in use owing to the boilers being separately 
experimented with. The steam-room was the gi-eatest with 
■the vertical water-tube boiler but the difference was not 
important. It may be taken during the experiments, in- 
cluding 133 cubic feet in the long steam pipes, at 181 cubic 
feet; the capacity of both cylinders per stroke of piston was, 
say, 224 cubic feet, making the ratio as 3^ to 1. But if we 
consider that the steam was cut off at -^ of the stroke of 
piston from the commencement, and that its pressure at the 
point of cutting off was, say, 16.8 pounds per square inch 
above zero, while the boiler pressure was, say, 35.6 pounds 
above that point, it will be found that the weight of steam 
used per stroke of pistons compared with the weight in the 
boiler and steam-pipes is nearly as 1 to 10|. At the same 
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time the piston had the low velocity of 88 feet per miDuto, 
making only eleven double strokes in that time. 

Tho deficit of distilled water for feeding the boilers given 
by the surface condenser was, as nearly as could be ascer- 
tained by careful observation, one twelfth; that is to say, 
there was returned to the boiler as distilled water eleven 
twelfths of the steam leaving it. Now, as the concentration 
of the boiler water was maintained at one and a half time 
the density of sea water, there was lost by the necessary 
"blowing off and feeding in" to produce it, the heat due to 
the difference of the temperatures of the blown out and fed in 
water for one twelfth of the total feed-water, The time re- 
quired to raise the water in the horizontal fire-tube boiler from 
the density of sea-water to a density one and a half time 
greater was 19 hours, and for the vertical water-tube boiler 
16 hours, owing to the difference in the weight of water con- 
tained in them. Hence, with the horizontal fire-tube boiler 
the loss by blowing off continued for (96 — 19=^) TT hours 
of the total 96 of the experiment; and with the vertical water- 
tube boiler for (96—16=) 80 hours. On this data the loss 
by blowing off has been calculated. 

In determining comparatively the evaporation of two 
boilers when steam of the same pressure is worked off in 
the same manner by the same engine, and when the same in- 
struments are employed, the Indicator measurement is more 
reliable than the direct measurement of the water in a Tank 
previously to being pumped into the boiler; particularly in 
the case of boilers like these having very small steam-room 
and priming. The priming depends on many accidental con- 
ditions during an experiment, and also on the type of boiler 
employed; now, by the Tank measurement the whole of it is 
credited to the evaporation of the boiler, making the boiler 
that primes the most the greatest apparent gainer in the re- 
sult, and in the direct ratio of the difference of the priming; wbile 
by the Indicator measurement a considerable difference of 
priming would produce but a slight error in the results, be- 
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cause the latent heat of steam so greatly exceeds the sensible 
heat. In the case, too, of a difFerenco of leakage from the 
two boilers, the one that leaked the most would obtain the 
greatest apparent evaporation, because the leakage is in- 
cluded in the Tank measurement, and increases it in direct 
ratio; while with the Indicator measurement, unless the diiTcr- 
cnce in leakage be excessive, there would result but a trifling 
error for the same reason aa in the case of difference of prim- 
ing. The Tank measurement gives too great an evaporation 
by the priming and leakage of the boiler; the Indicator gives 
too small a one by the weight of steam condensed in the 
boiler, steam pipes, and cylinders, and by the heat due to the 
difference of the temperature of the boiler-water and of the 
feed-water required to replace the losses by priming and leak, 
age; but, as before remarked, it will give in the case of the 
experimental boilers very correct emtyparative results, which 
the Tank measurement woold not have done, unless by the 
improbable accident of equality of leakage and priming with 
both. The Indicator measurement is also the most conveni- 
ent, and it is the most useful practically because habitually 
employed. 

In calculating the evaporation, the tables of Eegnatjlt are 
employed, and the results are given in pounds of steam evap- 
orated per pound of coal and also per pound of combustible 
from a temperature of feed-water of 100° and of 212° Fahr. 
for convenience of reference as both are need. The combusti- 
ble is the coal less the refuse in ashes, clinkers, and fine coal 
and is, of course, the proper unit of comparison, the per cent- 
age of refuse being a mere accident of the coal itself, and to 
be eliminated when the purely evaporative results are to be 
compared. 
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Table Containing the Data and Results of the Experiments. 



Stenm pr««?uTfi in boil&r in pounds per square locli abo 
itmoaphera, per gu8^ -...,. , 

aboTezero,ht point of cutting off 

Steam presaurQ ja cylln'lQi' in pounda pet erLn&i« Id 

above aeto^ at End of alroka „. 

Mean back preaBui^ ag^st platona in pounds per sqns 

Meau grtfts 'effieotive preaeure on pistoiut In pounds i 

Total nmnber of double atrohefl of piatona made by 1 
engines, per eoiinter 

Mean number of double ptrokee of piBtone per mini 
made bj ilie en^oei 

Portion of stroke of inaton at ^i^oh tJie ateam is cnt ' 

Nutnber of pounds of aolhiEdte 



mtibleco 






imber of ponndB of irater blown out of tn 



Tampers ture in degroeB Fair ot salt wutor tot well 
TempBcature m degrees Fabr of frediuaterhot well 
TemperMnre in d^;r«efl Fahr of injettion wrLter 

Pounds of ateam evaporated from a tempi^Ature of feet 
nater of 100° Fabi . end discharged froio the oi ilndei 
at the end of tte strokes of Uieit piatone, ea[oulB.te 



100° Failir., eqnimlent.to the Iieat uuilhilaltd 
JndershiEaiiqiicing the powui: of tlie engines., 
er of pouDdfl of Hteam Braporated from ~ '-—- 



peratnre of feM- 
Tolal nnmber of ponnna ot steam evap 
perature of feed-mter of 212° Faia. 

Pounds of steam evaporated froi 
wat^ of S13' Tahr. by one po 



199 ,056.30 



760^01.01 
,798.18 
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Comparative iMerits of the Horizontal Fire- 
tube and the Vertical Wttter-tube Moilern 
for Jflarine Meant •/machinery. 

The qualities of boilers for marine purposoa aro as follows, 
namely :— 

The relation which the bulk, weight, and potential and eoo- 
nomic evaporation of the boiler, bear to the aggregate bulk 
and weight occupied in the vessel by boiler and coal. This 
relation depends upon the absolute weight of steam which a 
boiler of given dimensions of ehell can furnish in a given 
time ; and on the weight of steam furnished per unit of 
weight of combustible. 

The accessibility of the heoiing surfaces for scaling. 

The accessibility of the whole for sweeping out soot and 
ashes, and for repairs. 

Durability, 

Cost. 

We will compare the experimental boilers on these points, 
separately. 

1st. Or THE A))SOI,IITE WEIGHT OF STE.^M WHICH THE EXiTSHI- 

MENTAL B0ILEE8 CAN FUHNiSH IN A civEh iiME -— This depends 
upon the maximum rate of combustion nf the two boilers, 
and their economic evaporation In thf pieceding Table 
it will be perceived that the rate of combustion during the 
experiments was nearly the same both with the horiaontal 
fire-tube and the vertical watei tube boilers , the vertical 

watcrrtube consuming only ( ^ ^^ " =) 9^ per centum 

less of combustible pei square foot ot giate per houi thin the 
horiaontal fire-tube It must not, however, be concluded 
from this that then maximum r<ites of combustion weie in 
that proportion , for this close approith to equality was 
designedly caused m order to tebt tlio tconomic evapora- 
tion of the two types of tube pet ''e which requued foi this 
purpose that equal quantities of heit should be thiown 
upon them in equal times Now, au the maximum rate of 
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comlDustion of anthracite with the vertical water-tube hoilcr 
was known previously from otiicrs of sensibly the same ar- 
rangement and proportions, the quantity to be burned per 
square foot of g-rate per hour with both boilers was fised at 
this maximum which is from 9 to 10 pounds. The hori- 
zontal fire-tube boiler, however, as ascertained from trials 
before and after these experiments, could bum under the same 
conditions of atmosphere, etc., 14 pounds of anthracite per 
square foot of grate per hour, but this increased rate of com- 
bustion was accompanied by a very great falling-off in the 
economic evaporation of the unit of weight of combustible ; 
how great, the trials were not sufficiently long to determine 
with exactness, but the difference was certainly as much as 
one-sisth ; that is to say, if the evaporation from a tempera- 
ture of feed-water of 100° Pahr. was 9.019 pounds of water 
per pound of combustible when burning at the rate of 9.687 
pounds of anthracite per square foot of grates per hour, it 
would be 1.566 pounds of water when this rate is raised to 14 
pounds. That it should be so is obvious enough when we 
consider that the increased rate of combustion depends on 
an increased draught, to obtain which, ceteris paribus, the 
products of combustion must be delivered into the chimney 
at a correspondingly higher temperature. lii other words, 
if an increased rate of combustion be desired, a portion of 
the heat that was previously applied to evaporation must 
be taken to produce the increased draught necessary to give 
it ; consequently it is obtained entirely at the expense of the 
economic evaporation. As nearly as could be ascertained, 
an increase of f ths in the rate of combustion was accompa- 
nied by a decrease of -^th in the evaporation per unit of 
weight of combustible. And in this connection must be re- 
marked a striding difference in the two boilers : in the hori- 
zontal fire-tube the rate of combustion could be easily in- 
creased by simply supplying the furnace with more coal ; 
while in the vertical water-tube the additional supply re- 
mained unconsumed. The reason of this will be hereafter 
given. If now we deduct the -Jth decrease of economic evap- 
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oration from the Jth iiicreaaed weight of coal conaumed in 
ec[ual times, we shall have remaining (— ^: 0.23, and 1.40— 
0.23 ^= 1.17) 11 per centum more absolute weight of steam 
produced. The maximum evaporation of the horizontal fire- 
tube boiler can then be taken at 11 per centum more than 
given by the experiments. With the vertical water-tube the 
rate of combustion given in the Table was the maximnm that 
could be obtained. 

During the experiments, the weight of steam produced by 
the two boilers from the feed-water temperature of 100° 
Fahr., was 114261.18 pounds for the horizontal fire-tube, and 
160501.04 pounds for the vertical water-tube ; difference in 
faror of the latter 6J per centum of' the former ; deducting 
which from the above 11 per centum, there remains finally 
10^ per centum in favor of the horizontal fire-tube. If, there- 
fore, the mandmum absoluie weight of steam, that can he pro- 
duced in equal times be done considered, the horizontal fre-tvbe 
boiler for equal dimensions has an advantage of 10^ per centum 
over (he vertical vxiier-tube. 

3d. Of the weight or steam per unit of weight of combustible 
FOBNisHEn BT THS TWO BOILERS. — In determining the relative 
economic evaporation in the two cases, it is obviously proper 
to compare the weights of steam obtained per unit of weight 
of combustible and not per unit of weight of coal ; for it is 
only the part consumed of the gross weight that is applied 
evaporatively, the remaining refuse is a proportion of the 
gross weight of the .coal variable from many accidental cir- 
cumstances and is in no way influenced by the type of boiler. 

With the horizontal fire-tube boiler there was evaporated 
from tlio temperature of 100° Fahr. of feed-water, 9.019 pounds 
of steam per pound of combustible ; and with the vertical wa^ 
ter-tube boiler, 10.684 pounds; difference in favor of the latter, 
^ io.684-9^9x _iOT _.j j^i pg^ centum of the former. Hence, we 
perceive, that the vertical ■water4ube boiler had the great superi- 
ority (f evaporating with Ihesaine fuel llf per centum more 
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waier than the horizontal fire-tvbe boUer. And at the same time 
it produced SJ- per centum more weight of steam in equal 
times. 

If the economic evaporation with both boilera becompared 
when at their maximum rates of combustion, then the vertical 
watev-tube will evaporate {-^th-j-O.lll^) 34^ per centum 
more water with the aame fuel than the horizontal flre-tuhe ; 
but the latter will produce in equal times 10^ per centum 
more weight of steam. 

3d. Of the total or absolute weights of steam that wotild 

BE FUENISHED BY BOILERS OF THE ESPEBIMESTAL TYPES, SUPPOSING 
THE SAME SPACE IH THE VESSEL TO BE ALLOTTED FOR BOILER AND FUEL 
WITH BOTH ; AND SUPPOSING BOTH TO FURNISH EQUAL WEIGHTS OP 

STEAM IN EQUAL TiMES.^From the foregoing wo perceive, that 
' to furnish the same absolute weight of steam at tho maximum 
rate of combustion, there would be required 10^ per centum 
more vertical water-tube boiler than horizontal fire-tube boiler, 
but that with the former the steam would he obtained with 3i J 
per centum less coal. On board tho " San Jacinto" the bunk- 
ers stowed 360 tons of anthracite occupying 15000 cubic feet 
of space ; the circumscribing parallelopipedon of the two 
boilers and Sro-room between, them was 1291 cubic feet ; if, 
now, we add 10^ per centum more boiler we shall add to 
this space (1291X-1H =) '^^ cubic feet which will be sub- 
tracted from the coal bunker space of 15000 cubic feet leav- 
ing for coal (loOOO— T66~) 14234 cubic feet We shall 
then have for the space occupied by the vortical water-tubo 
boi!er Ciagi+TGe^) 8251 cubic feet, and by tho coal 14234 
cubic feet ; while for the space occupied by the horizontal fire- 
tube boiler we have 1291 cubic feet, and by the coal 15000 
cubic feet ; both boilers furnishing at their maximum rates 
of combustion equal quantities of steam in equal times. 
But this steam will, with the horizontal fire-tube boOer, cost 
34^ per centum more coal to obtain it. Taking in the two 
cases the cubic feet of space occupied by the coal to repre- 
sent the weight of the coal itself, the coal stowed with the 
vertical water-tubo boiler will produce a total weight of steam 
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I by {•jm' ~) ^^^^^ i while with tlie horizontal 
fire-tube boiler it will produce a weight of only (i^ ^;=) 
11166; consequently, taking the apace allotted for boUer 
and coal on board tho " San Jacinto" for the basis of compar- 
ison, there could be placed in it a vertical water-tube boiler 
producing ijj. equal times equal weights of steam with a hor- 
izontal fire-tube boiler at its maximum rate of combustion, 
and having the ability to steam nearly (?*^*~"^^''™ =;\ 21^ 
per centum longer time. The first cost of this boiler would 
be 10^ per centum more, but it would cause a constant sav- 
ing of 34J per centum of ali the fuel consumed. If ability to 
steam equal times were required in the two cases there 
could be saved with the vertical water-tube boiler (11234X 
0.31^ —) 3914 cubic feet of space which ia (^^"J^ — j 
17J per centum of the total space allotted to the horizontal 
fire-tube boiler and its fuel. The weight of two vertical 
water-tube boilers, like the experimental one, and their water 
would be 252120 pounds or, say (S-f^^—) 34| pounds per 
cubic foot of circumscribing parallelepiped on, including fire- 
room ; the weight of a cubic foot of anthracite is, say 5i 
pounds ; hence the substitution for coal of an equal liulk of 
boilei' would lessen the weight in the vessel. 

Finally, we perceive, then, that the weight of steam furnished 
in equal Hmes by both boilers being equal, and equal space being 
occupied in the vessel for boiier and coal, the vertical xvater-tuhe 
boUer at Us maximum rale of combuslim has the great superiorily 
of furnishing 2t J per centum nwre total weight of steam than the 
horizontal fire-tube boiler at its maximum rate of combustion, 
while at the sa^ie time the aggregate xveight of boiler and coal 
wiU be the least. On board the "San Jacinto" the vertical 
water-tube boiler and coal would weigh (166X54—341=) 
14,Y45 pounds less than tlie horizontal fire-tube boiler and 
coal. 



4th. Of the accessibility of 
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iKQ. — It is of the highest importance that all tbe heating sur- 
faces of marine boilers should be accessible for beingfreed me- 
chanically from scale; for it is impossible to keep them from 
becoming covered with it, or when once formed to remove it by 
chemical means without destroying the metal Universal ex- 
perience has shown that all marine boilet's, how well soever 
they may be managed, and carrying steam of the lowest tem- 
perature under the most favorable conditions, form scale which 
cannot be taken off except by hammers, scrapers, and picks. 
To use these implements the smfaces must be accessible, and 
in this respect the verticoi water-tubes have a decisive siiperi- 
orily from the complete and easy manner in which they can be 
reached by a scaling tool and cleaned mechanically. The bracing 
and man-holes are so arranged that access can be had to both 
ends of the tubes — on top and below — and the room between 
the shell and top of the tubes required for putting them in is 
sufficient to allow of easy working and the convenient hand- 
ling of the cutters and scrapers. A very little labor there- 
fore at the end of each voyage will completely remove all 
the scale formed; the operation will require but little time 
when so frequently repeated, and then the boiler ia in the 
condition of a new one so far as evaporation from its surfaces 
is concerned. The writer has seen these tubes thoroughly 
cleaned of indurated scale | of an inch thick which had been 
suffered to accumulate by neglect. The operation was per- 
formed with a tool having ftrar narrow cutters, that on being 
forced down the tube made as many slots from end to end of 
the interior cylinder of scale which then broke out and fell 
to the bottom. With the vertical watei'-tube boilers of the 
large Frigates of tlie United States Navy, now in use from 
three to four years, and which are scaled at the end of eveiy 
voyage, the scaling is done with great quickness and in a 
very thorough manner by a simple steel spring scraper split 
and fitting the tube. 

With the horizontal fire-tube boiler the operation of scal- 
ing is excessively tedious and difficult, and only partial at the 
best. In fact it is impossible to scale tho whole of the hori- 
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zontal tubes without the removal of a consideraple portion of 
them in order to reuder the remainder accessible. In many- 
boilers one vertical row of tubes to each furnace is omitted in 
the construction to make space for a man to descend and use 
a scaling tool on the level of each horizontal row. This 
method, while it is not effective, is at the expense of about 
one-ninth of the heating surface, — already much too small. 
All attempts to remove hard scale by suddenly expanding the 
tubes with a quick blaze from shavings will bo found futile; 
and they can only be made at the imminent hazard of the 
joints. It being then practically impossible to keep the sur- 
faces of the horizontal fire-tubes free from scale, they will be- 
come more and more coated as their age increases, and their 
evaporative efficiency will he continually impaired to the ex- 
tent of the heat thus intercepted. 

In the case of the experimental boilers, it will be observed 
that both being new the surfaces of their tubes were equally 
clean. The vertical water-tubes can be maintained in this 
state; the horizontal fire-tubes cannot. Were the experiments 
to be repeated after the lapse of a year, the gain of llf per 
centum by the vertical water-tube boiler would probably bo 
found increased to 20 or 25 per centum due to the difference 
in cleanliness aloue. 

5th. Of the accessibility op the eoilee fob sweeping of soot 
AND ASHES, AND FOR EEPAiEs. — The horizontal fire-tubes can be 
swept of soot and ashes much move easily, rapidly, and com- 
pletely than the vertical water-tubes, and in this respect have 
the advantage; but the difference is not considerable enough 
to be of consequence practically. Both can be swept from the 
fire-room when steaming, the tubes of each furnace in succes- 
sion, by allowing the fire to burn down. 

If the tubes or their joints rupture when steaming, the hor- 
izontal fire-tubes are much the most accessible for plugging; 
further, as they are only about one-fourth the number of the 
vertical water-tubes, the liability to leakage is correspond- 
ingly lessened. The leaking horizontal fire-tube can be seen 
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at once, but it is often a difficult matter to discover tlie lealc- 
ing vertical water-tube, as the water from it spreads out over 
the lower tube-plate and embraces several, while the tubea 
themselves can only be partially seen by inserting a candle 
in the narrow space separating the rows. Under these cir- 
cumstances it Is easy to understand how difficult it may be 
to iiad the leaking tube In the centre of a nest. The much 
greater time required to find a leaking tube and then to plug 
it, and the greater labor involved — for the boiler must be 
blown entirely out and cooled, and the man-holes opened be- 
fore it can be entered — are strong objections to the vertical 
water-tube, particularly for war steamers if iron tubes be 
used, indeed these are the only objections of any moment; 
but with the drawn brass tubes now generally adopted for 
both kinds of boiler, the liability to leafeage is so trifling that 
most of their importance is lost. Tlie horizontal fire-tubes 
can be plugged from the smoke connexions as soon as the 
steam is blown off and the water blowa down below the level 
of the leak; we have neither to open the boiler nor to wait 
for it to cool, for as soon as the fire is drawn the strong rush 
of cold air through the furnaces and tubes to the chimney 
makes it practicable to enter the back smoke connexions 
after a few minutes delay. 

6th, DuBABiLiTT. — The experience of several years with 
the boilers of a large number of United States Steamships 
has not shown the failure of a single vertical water-tube, and 
they are now apparently in as good a condition as ever. It 
is true that in some merchant steamers many of the tubes have 
pitted deeply and wasted away; but then as others adjacent 
remained intact, the cause of injury must be looked for in the 
mal-composition of the metal of the tube, and not in the fact 
of its being a vertical water-tube. Had the latter been the 
case the destruction would be general and in all boilers of 
this type, whereas instead of being the rule it has been the 
exception only. 

Wc have not had sufficient experience with brass horlaon- 
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tal flre-tubea to institute a coraparisoD as to durability, but 
there is no reason to believe that in general the one kind of 
tube has any auperiority in this respect ovev the other. 

tth. Cost. — As regarda materials the vertical water-tube 
boiler is the cheapeat from the fact of the less weight of its 
brass tubes, although the weight of iron in it alightJy esceeda 
that in the horizontal fire-tube boiler. But aa regards worlc- 
manship it is a little the dearest, owiag to the greater amount 
of labor in preparing the tube-plates, fastening the tubes, and 
making the tube-boxes. The aggregate cost of materials and 
workmanahip is a trifle the greatest with the vertical water- 
tube boiler, but the diifereuce is too little to enter into a 
practical estimate, 

Sth, Finally. — It is clear from the foregoing compai-ison, 
that the superiority is so great of the vertical water-tube 
boiler both in potential and economic evaporation, and in the 
facility and completeness with which its heating surfaces can 
be scaled— the qualities of paramount importance with Marine 
Boilers— that unquestionably it should be preferred to the- 
horizontal fire -tube boiler. 

Teitperatuhe of the products of combustion -when dischabged 
raoM THE TUBKs.— During the experiments with the boilers the 
temperature of the boated gases when emerging from the 
tubes into the uptake was frequently obtained between cer- 
tain limits by placing juat within the tubes small pieces of 
tin and lead supported on a tripod of slender iron wire with 
the horizontal fire-tubea, and suspended by the same kind of 
wire with the vei-tical water-tubes. With the latter it was 
found impossible to fuse the tin even on the sharp cut edges 
and in tlie hottest part of tie current. Athe m t jl d 
in a cylindrical vessel of copper 6 inches d p d h s 

diameter, filled with oil and suspended bene iii tl h g ng 
bridge midi;^ay between it and the bottom f tl 1 1 k 
averaged 290° Fahr., which was only about 4T I b 

the temperature of the steam. 
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With the horizontal fire-tubes there was selected over one 
of the middle furnaces and iu the middle vertical row, the 
centre tube, and the second tube from the top and from the 
bottom, and in the mouths of these three tubes were placed 
oil sepai-ate tripods of slender iron wire about 1 J inch high, 
small pieces of lead and tin ; the purpose being to aacertaia 
not only the absolute temperature of the emerging gases 
but whether the heat was equally diffused among the tubes 
vertically. The result was strongly marked ; in the lowest 
tube the tin was not melted, in the centre tube — situated 
half way between the top 'and bottom — the tin was melted 
but not the lead, while in the upper tube the lead was 
melted ; consequently, in the lower tubes the temperature of 
the emerging gases was less than 440° Fahr., in the middle 
tubes it was more than 440° but less than 600° Fahr., while 
in the upper tubes it was more than 600° Fahr.; the mean 
temperature was probably about 500° Fahr, 

The difference in the temperature of the products of com- 
bustion when leaving the tubes in the two boilers was then 
about (500 — 290 ^) 210° Fahr., and it was curiously verified 
by tho marked difference in the temperature of the corre- 
sponding sides of the chimney during some after experiments, 
when both boilers were used together. Now as the chimney 
is in common to the two boilers aud the gases are free to 
mingle in it, it might be supposed that its temperature would 
be uniform on both sides ; this, however, was far from being 
the fact, for on the side of the horizontal fire-tube boiler the 
radiant heat was sufficient to affect paint on wood at a dis- 
tance of 3^ feet, while on the side of the vertical water-tube 
boiler there was no danger from this cause. By applying the 
hand, also, the great difference of temperature on the two 
sides became very sensible. 

We have seen that with the horiaontal flre-tube boiler the 
temperature of tho heated gases emerging from different hor- 
izontal rows of tubes varies enormously, probably 300° Fahr. 
for the extreme top and bottom rows. Now fo what are we 
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to ascribe this great difference? Is it to the fact that the 
gases find the easiest exit through the top rows and that the 
calorimeter of these rows is sufficient to pass them with such 
facility as to rob the lower rows of their proper share leaving 
them tliuB comparatively inoperative as heating surfaces? 
Or is it because the upper rows in consequence of being en- 
veloped in the total mass of steam produced by the furnaces 
and by the lower rows lying beneath, are not in contact with 
enough solid water to reduce the temperature of the gases 
passing through them as low as the temperature of the gases 
emerging from the lower tubes, which lying in the steam pro- 
duced by the furnaces only, are in contact with much more 
solid wafer and produce a higher economic evaporation from 
the more complete absorption of the heat of the gases ? The 
latter is undoubtedly the true cause. The upper rows of tubes 
must necessarily be suiTounded with a mass of mere foam 
composed of water finely divided by and mixed with the steam 
generated from the lower rows of tubes and the furnaces ; in 
fact nearly all the steam produced by the boiler has necessa- 
rily to pass between the tubes of the upper rows, displacing 
the solid water and replacing it with a soap-bubble like mass 
possessing a far less heat-absorbing power. The result is, 
that from the lower row to the upper one, tlie tubes have a 
continuously decreasing evaporative efficiency owing to their 
absorbing a less and less amount of beat aa we ascend and 
as a consequence delivering their heated gases into the chim- 
ney at a continuously increasing temperature. 

That this is the true solution, is proven by the fact that, 
ceteris paribus, a higher economic evaporation is obtained 
from the horizontal fire-tubes in measure as the vertical rows 
are numerous and the horizontal rows few. Also, that their 
evaporative efficiency increases with each increase of the 
space between the vertical rows to a distance much greater 
than is given in practice. In many cases a gain has followed 
from taking out one or two vertical rows over each furnace, 
duo to the additional space thus left for the passage of the 
steam rising from the furnaces and lower rows of tubes. On 
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tlie other hand, by lessening the number of vertical rowa and 
increasing the number of horizontal ones, there will be found 
a great falling-off in the evaporative efficiency of the tubes ; 
and if the aggregate height of the horizontal rows exceed 3^ 
feet, scarcely any evaporation will be obtained from the upper 
rows which will pass their heated gases into the chimney at 
about 1000° Fahr., owing to deficiency of solid water for 
absorbing their heat. In effect, these rows will become mere 
superheating tubes for the steam instead of evaporating 
tubes for the water. 

The economic evaporation of the tubes is then very greatly 
affected by their distribution ; the maximum, cdens paribus, 
being obtained from the fewest number of horizontal rows 
and with the widest epaces between the tubes. But this de- 
sirable arrangement can only be remotely approximated in 
practice owing to the fact that the number of vertical rows 
is limited by the breadth of the furnace, and that in order to 
place in this space the greatest number of these rows the dis- 
tance between them must be reduced to a minimum ; at the 
same time the necessity of providing a proper proportion of 
heati 



ting surface and of calorimeter, compels recourse to the 
maximum number of horizontal rows ; and thus we finally 
obtain a boiler that satisfies the numerical proportions by ig- 
noring thephysical laws and paying the penalty in a reduced 
evaporation. 

Now can this state of things be improved ? It can, in a 
measure, by making the tubes of each vertical row to decrease 
in diameter as we ascend from the lower to the upper tube. 
The effect of this modification is to retain the same number of 
tubes and the same number of rows both vertically and hori- 
zontally, but the calorimeter of the tubes of each horizontal 
row will be decreased in the ratio of the square of their 
diameter, and the velocity and mass of the gases through 
them being thereby greatly lessened more time will be given 
for the extraction of the heat. Also, owing to the decreas- 
ing diameter of the tubes as we ascend from the lower to the 
upper ones, the distance between the vertical rows will 



Hosted by 



CmOo^^ 



176 

contimiously increase from the bottom to the top and thus 
fiunish mcieasing ajiaces for the increasing quantities of 
steam to be passed tbiough tliem By this system of pro- 
portioning the tubeR, making the diameter of the top nne^ 
two-thirds the diametei of the bottom cnes, with a distince 
between thelattci of not less than ^^oi then diametei , and 
by restricting their aggregate height within 2J feet; and by 
making the aggregate calorimeter about one seventh of the 
grate surface, with a proportion of the latter to the total 
heating surface of the boiler measured on the interior circum- 
ference of the tubes, of not less than 1 to 28 ; we shall obtain 
the highest economic evaporation from tlie horizontal fire-tube 
boiler consistent with practical conditions. These propor- 
tions could not be obtained with a grate exceeding 6 or &J- 
feet in length. For diameters of the tubes '3 inches for the 
bottom row and two inches for the top one will be found 
convenient, and the intermediate rows can be distributed 
among diameters increasing by ^ inch. Such an arrange- 
ment gives also greater facility for scaling, for apart from 
the obvious advantage of the reduced aggregate height of 
the tubes, those of each horizontal row project a little beyond 
those of the row immediately above and expose the scale to 
be broken by a downward blow from a tool. Although the 
lessened length of grate with these proportiona may appear a 
disadvantage as requiring more frontage of boiler for equal 
areas, yet with equal frontage or width of grate it will be 
found that the same weight of steam will be furnished in 
equal times as with the additional length and proportions 
habitually employed, and at a much less cost of coal ; both 
results being produced by the higher evaporation per unit of 
weight of combustible. 

A great defect of the Horizontal Firs-tube as a transmitter 
of heat to water, consists in the fact that the temperature of 
the cylindrical mass of heated gases passing through it, is 
not equally reduced from axis to periphery; but that while 
the temperature of the external film in contact with the me- 
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tallic envelopo may be aufBciently lowered, that of the axial 
thread may remain nearly the same upon leaving as upon en- 
tering the tube. After the gases enter the tube there is 
nothing to continually break them up and mix tliem 80 as to 
successively present fresh particles to the metal in order that 
the temperature of the -whole may be equally reduced. To 
enable the tube surface to have a maximum evaporating 
effect, the moment the temperature of a particle of the gas in 
contact with it is sufficiently lowered, that particle should be 
removed and replaced by another having a higher tempera- 
ture, which in its turn should give way to still another, and 
so on until the temperature of the mass when leaving the 
tube should be uniform and low enough for a good enonomic 
result. With the Horizontal Fire-tube this effect is impossible 
owmg to the smoothness of the tube, the want of obstruction 
in it, the straightness of its direction, and the small instant of 
time elapsing between the entrance and the exit of the gas. 
The want of time together with the momentum of the particles 
due to the velocity of the draught, prevent those in contact 
with the upper half of the tube surface from obeying the law 
of gravity and exchanging places with the hotter and there- 
fore lighter particles beneath; while thoso in contact with the 
lower semi-circumference of the tube cannot possibly exchange 
places with the hotter and lighter particles above because 
they already occupy the lowest position. We thus perceive 
that not only is the temperature of the products of combustion 
very unequal upon leaving the whole system of tubes con- 
sidered as an aggregation, being higher at the top than at the 
bottom; but that in the case of each particular tube there is 
the same want of uniformity, the axial thread or core being 
the hottest and the peripheral film in contact with the metallic 
envelope Leing the coolest. 

As far back as 1853 during some experiments with the 
boilers of the U. S, Steamer "Pbinceton," the idea was aw- 
gcsted by Chief Engineer D. B. Maetis of placing within the 
tubes a thin strip of iron twisted helically, the width of the 
iron being equal to the diameter of the tubes. The object was 
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to continually breat up and mix the gases by the helical or 
convolved movement that would he caused by the twisted 
Btrip, and to thua present succeBsively fresh particles to the 
tnbe surface. The idea was not carried into effect from the 
belief that if a sufSoient number of convolutions were given 
to the strip to cause a proper mixing up of the gasea, the 
draught would be completely shut off. This method of mixing 
the gases in a horizontal fire-tube has lately been proposed in 
England, but it will be found impracticable for the above 



The mixing of the gases and the resulting s 
sentation of fresh particles to the heat absorbing surface, 
which is found to be impossible with the horizontal fire-tubes, 
is easily and completelyaccomplishcd with the vertical water- 
tubes; for it is a natural consequence of the position of their 
surfaces which, lying at right angles to the stream of the gases, 
constantly hreak them up mechanically by obstruction into a 
mass of eddies and whirlpools, so that the course of any par- 
ticle from its entrance among the tubes to its exit, instead of 
being a straight line as in the horizontal fire-tubes, is one of 
sinuosities and angular deflections that bring it many times 
into and out of contact with the heat absorbing surfaces. 
Every particle of the entire mass is, by thus being brought at 
some time during its course into contact with the tube-sur- 
faces, made to give up its heat before escaping from among 
the tubes. 

With the vertical water-tubes there is found, as with the 
horizontal fire-tubes, a considerable difference in the temper- 
ature of the gases emerging from around the upper part of 
the tubes and from around the lower part. This diflercnce, 
though due to the same cause as in the case of the horizontal 
fire-tubes, is not near so great; for although the upper part of 
the vertical water-tubes, like the upper rows of the horizontal 
fire-tubes, is surrounded by mere foam while the lower part is 
immersed in comparatively solid water, yet as the two parts, 
unlike the top and bottom rows of the horizontal fire-tubes. 
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are the same piece of metal, the heat of the top strata of the 
gasea not absorbed by the foam aurrounding the upper part 
of the tubes, instead of passing off to the chimney is, in large 
measure, caiTied downward by the conductivity of tlie metal 
to the sohd water beneath which absorbs it and thus obtains 
from it its proper evaporative effect. 

The application of a hanging bridge across the upper part 
of the tubes at the smote connexion or uptake leading di- 
rectly into the chimney, produces a stilt further equalization 
of the temperature of the heated gases emerging^ from among 
the tubes, and to so great a degree that the difference between 
the top and bottom strata is not of importance practically; in 
this respect the bridge is a valuable adjunct and should never 
be omitted. It can be roughly made of iron plate and sup- 
ported on inclined brackets; it should be divided vertically 
into two or three parts hinged— the upper on the brackets 
and the lower on the upper — in order that a part or the whole 
may be employed or thrown back at will. It should also be 
divided lengthwise into as many parts as tliere are fi 
80 that it can be used for all or for any number c 
space, about 2 inches wide, should be left between the top of 
the bridge and the top of the tubes in order that the direct 
movement of the gases along the upper tube sheet may not 
be entirely prevented. When the bridge is thrown back the 
draught is improved, the difference between the temperatures 
of the top and bottom strata of the gases emerging from the 
tubes becomes considerably increased, and the economic re- 
sult from the fuel is diminished. 

A much less depth of water may with safety be carried 
over the vertical water-tubes than over the horizontal flre- 
tubos; for if the former bo left uncovered the conductivity of 
the metal will rapidly carry oif the heat to the water below 
and preserve the tube from injury, while if the upper rows of 
the latter be left uncovered for even a very short interval, 
they will be burned out and ruined. The loss of the tubes is 
the least evil, but the danger to life and the vessel, and the 
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loaa of time required for putting in new ones even when tliere 
are onougli on hand, are so scrioua, that in order to be on the 
safe side the water ia carried high at the expense of tiie steatn- 
room whose proportions at the test with tubular boilers are 
greatly too restricted. 

Or THE CIliODLATION OP THE WATER AND THE EXTRICATION or THE 

Steaii. — The circulation of the water and the disengagement 
pf the steam bubbles from the evaporating surfaces, are much 
the most rapid with the vertical water-tubea. With the hor- 
izontal fire-tube boiler the water replenishing that which is eva- 
porated by the tubes, comes partly from between the furnace 
crown and the lower row, and partly from the water spaces 
between the aggi'egaiions of tubes belonging to each furnace. 
The cross currents from the latter strike the ascending cur- 
rents from the former at right angles aad the velocity of both 
is lessened as a consequence, in addition to which these cur- 
rents are gi-eatly impeded by the mechanical obstruction of 
the tubes themselves, lying at right angles to the direction of 
both. 

With the vertical water-tubes, , all the water evaporated 
by them is supplied from the space between the crown of the 
furnace and the lower tube-plate, and the ascent of the current 
not being impeded by either the crossing of other currents or 
by any mechanical obstructions, and being guided in vertical 
lines by the tubes themselves, the path of each ascending 
particle of water will be the shortest possible and its speed 
the maximum due to the conditions of temperature and height 
of column. Hence in a given time a much greater number of 
particles of water would be brought into contact with the 
vertical water-tube surface than with the horizontal fire-tube 
surface, and a greater evaporation would necessarily result 
from a given unit of surface in equal times. A consequence 
of this greater evaporation would be that the temperature of 
the metal of the vertical water-tubes would be kept lower 
than that of the metal of the horizontal fire-tubes, and there 
would follow the important practical result of a much less 
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tormation of scale imder equal conditions of density and tem- 
perature of the water. 

That the temperature of the metal of the evaporating sur- 
faces in boilers is really above that of the water in contact 
with them, ia proven by the different character of the scale 
depoaited upon the furnaces, the tubes, and the shell of the 
boiler. On the first it is highly crystalline in structure and 
excessively indurated; on the second the crystalline character 
and the hardness are much leas and gradually decline as we 
approach the chimney; on the last the scale has become sedi- 
mentary in structure and comparatively soft. The quantity 
of scale deposited follows the same law of change with the 
qucHiiy, becoming less and lees as we recede from the furnace 
towards the chimney. These differences result entirely from 
the differences in the local heat causing the deposition of scale 
on the different parts ; and as the temperature of the waf«r on 
every part was the same, the different temperatures causing 
the difference in the quality and quantity of the scale precip- 
itated, must have been local and in the metal of the evapora- 
ting surfaces themselves. Had the temperature of those 
surfaces been uniform the scale would have been uniform too 
in all respects both of quality and quantity instead of exhib- 
iting the marked differences of both found in all boilers. 

When a bubble of steam first forms on an evaporating sur- 
face it is extremely minute, and if it be not swept off mechan- 
ically it will not at once disengage itself and ascend because 
it will not have sufficient buoyancy to overcome the cohesion 
, of the superincumbent water and force a passage; it will 
therefore continue in contact with the surface until by the 
addition of more evaporated particles its buoyancy exceeds 
the cohesion of the water when it will detatch itself and rise. 
If, however, the evaporating surfaces be swept by a current, 
the bubbles of steam will be brushed off mechanically and 
parried onward with the genera! stream. Just, then, in pro- 
portion to the strength of this current, to its parallelism 
with the surface swept, and to its coincidence of direction 
with the natural ascensional direction of the steam, will be 
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tlie rapidity witli wliich the nascent bubbles are swept off 
and replaced by solid water. The Vertical Watei--tube boiler 
contains all tbe conditions for maxitnnm evaporative effect 
in these particulars, and as regards them is far superior to 
the Horizontal Fire-tube boiler. 

With both kinds of boiler all the steam generated by tbe 
furnaces must pass upwai'da through or between the tubes; 
and the steam generated by the lower part of tbe tubes must, 
in addition, pass through the upper part; but with tbe vertical 
■ wat«r-tube tho steam and water currents move vertically in 
precisely the same direction without obstruction or interfer- 
ence, and being parallel to the surface of tbe tube sweep it 
constantly in their ascent brushing off the steam bubbles and 
replacing them with solid water uiiintermittingly ; thus keep- 
ing the temperature of tho metal as nearly as possible to the 
temperature of the water and preventing whatever formation 
of scale would be due to a greater difference. With the hor- 
izontal fire-tube the evaporating surface lies across both the 
sieam and water currents, and the mechanical efSciency of tbe 
latter in sweeping off the steam bubbles is consequently 
greatly decreased and in addition to the decrease due to the 
loss velocity of the water current itself; the horizontal water 
currents and the vertical steam currents interfere and oppose 
each other, and tbe extrication of the babbles is rendered still 
more difficult by the obstruction of the tubes themselves; the 
steam bubbles consequently remain longer in contact with 
the evaporating surfaces before becoming disengaged and 
prevent during that time the contact of solid water; the tem- 
perature of the metal, therefore, of the horizontal fire-tube, 
with equal temperature of water, must bo greater than with 
the vertical water-tube, and tbe formation of scale, ceteris 
panims, will be greater accordingly. 

Owing, also, to the more rapid circulation of the water and 
easier extrication of tho steam, there will be less priming with 
the Vertical Water-tube than with tlie Horizontal Pire-tubo 
boiler; and it will be free, too, from the violent intermitting 
and percnssive priming so frequently experienced with the 
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Other when its tubes arc too crowded and its water-ways too 
narrow. 

On the wide, tlien, we find, 1st, Tliat the eyaporating 
surface with the vertical water-tubes is not only greater in 
equal spaces, but that per unit ot surface it has a greater 
evaporatiTC eflieiency than the horizontal hre-tubes and will 
generate more steam in e^iual times. 3d. That it is so dis- 
posed that per unit of surface it extracts in equal times a mucli 
greater amount of the heal in the products of oombustton. 
3d. That it delivers these products into the chimney at a more 
uniform temperature for the whole mass. 4tL That the tem- 
perature of the metal of the tubes is lower and the formation 
of scale less. And 5th. That the priming is less, owing to 
the easier and more rapid extrication of the steam from the 
water. 

The superiority of evaporating surfaces arranged m ver- 
tical water-tubes immersed in and lying at right angles to 
the currents of the products of combustion is so great in 
every respect, that when it becomes properly appreciated 
the arrangement in horizontal fire-tnbos will doubtless be 
definitively abandoned. 
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UNITED STATES STEAM SLOOP 

"NIAGARA." 



The " Kiacara" is an enormous steam sloop-of-war com- 
pleted IE 1 856 by the TJ. S. Navy Department eimultaneously 
with the steam frigates "Wabash," "Colorado," "Eoanoke," 
"Merrimac," and "Minnesota," from all which she differs 
widely in dimensions, model, sparring, and battery; in fact 
in everything. She was designed by the late Georoe Steers, 
builder of the yacht "Amebica," who was temporarily em- 
ployed for this duty by the Navy Department. 

The " NiAOARA," though but a sloop, is larger than the above 
named frigates; her water lines are excessively sharp and 
her coefScient of displacement very small, all calculated to 
produce an immersed solid of little resistance for the length, 
breadth, and depth. In fact the employment of large lineal 
dimensions with small capacity — the seci'et of all brilliant 
perforinanoe as regards speed — has been carried in this vessel 
to extremes. 

Battery. — The battery consists of twelve shell pivot guns 
of 11 inches bore; five are placed on each side and one on 
each end of the vessel. Each gun weighs 15,000 pounds net, 
and with its carriage and appendages 25,000 pounds; it 
throws a shell of 136 pounds, and requires a charge of 15 
pounds of powder. None of the guns throw solid shot, and 
the vessel carries ammunition for one hundred and twenty- 
five rounds. 

Up to the present time the " Niaoara" has never carried her 
battery, as the only services on which she has been employed 
were the laying of the Atlantic Telegraph Cable, and the 
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transportation from the United States to Liberia of a number 
of kidnapped Africaus. 

PERS0NiiEL.~The full war complement is 750 men exclusive 
of ofBcerB ; but on the service for which the vessel wag detail- 
ed, she carried only 51i men, of whom 30 were firemen and 28 
were coal heavers belonging to the Engineer Department. 

MfwU. 

The hull, which is excessively sharp fore and aft, has the 
appearance and indeed the qualities of a first class clipper 
ship ; the sharpness forward being continued up to the rail. 
The followiog arc the principal dimensions, namely: 

Extreme ienglh from fafltail to Sgure-head 345 feet 

Length on deolt from fore part of stem to after pai't ofBtera 

poet above the epar deck 337 « 

Lengtti oa loatt line 328 ft. loj in. 

Breadth of beam at amideliip section, moltiecl 53 ft. 8 in. 

Breadth of beam at amidBhip section, extreme 55 feet. 

Depth of hold ^3 " 

Depth of hold to spar deck 31 ft. 3 in. 

CoDBtmotor's deep load draught 23 feet. 

Depth from load line to rabbet of keel 21 ft. 3 ia. 

Area of greatest immersed traasverse section at 23 feet 

draught. gn gqu^re ft. 

Distance of greatest imraeraed traasverse sectioa abaft cen- 
tre of length on load Hoe 7 ft. 3 in. 

Molded displacement at 23 ffeet draught 5110 tons. 

Total displacement at 23 feet draught 5410 tons. 

Centre of buoyancy abaR centre of length on load line.. . 8 ft. 7J ia. 

Centre of gravity of displacement below load line 8 feet. 

Meta centre above load line g ft. e jq. 

Area of load water iino 12755 square ft. 

Displacementperino]iofdra,ught at load draught of 23 ft. 30,428 tons. 

ImmcrsedBurftcoofliullatloadarauglit of23ftet 19760 square ft. 

Ratio of length to breadth on load line 5.9T9 to 1.000 

Ratio of greatest immersed transverse Bection to circumscrib- 
ing parallelogram 

Eatio of load water line to clrcmnscribing parallelogram. . 

RaUo of displacement to circumscribing parallel opipedon. 

Angleof load water line at bow 

Angle of load water line at stem 
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Angle of water line midway between rabbet of keel and load water 
line at bow , 

Angle of water Hue midway between rabbet of keel and load water 
line at stem 

Angle of fleadriee 



The vessel ia three masted, ahip riggedj and has t 
the follow]ii^ dimensions nameh 
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The " NiiGARA" has frames of live oak. Floors molded 20^ 
inchea, aad 8 inches at heads ; sided 15 laches. Frames 40 
inches apart at centres. They are filled in solid with yellow 
pine to a line 6 feet above the base line ; and crossed diagon- 
ally on the outside with two eete of iron straps 5 inches by ^ 
JQch, crossing each other in opposite drectiona. The hull is 
also further strengthened by similar iron straps laid diagon- 
ally across the beams of the upper deck. The pianks of the 
bottom and deck are of yellow pine. Having a very fine run, 
the vessel is of course weak at her quarters, in consequence 
of which her constructor iitted on each side a large 2 inch 
stay or brace, which lies along the upper deck beams, passes 
through the decks below, and steps upon the stern post. 

The following are the materials used in the construction of 
the hull: 

Live Oak timber 40,000 cubic feet. 

White Oak timber 11,000 

Yellow Pine timber 43,000 

White Fine timber 3,000 

White plank 11,000 superfi 

Yellow Fine plank 60,000 

White Pine plank 42,000 

Iron bolts 400,000 pounds. 

Galvanized iron and Spikes 25,000 " 

Copperbolts : 140,000 

Composition bolts 10,000 " 

Diagonal iron braces 169,000 " 

The total weight of the hull ready 

for launching, is 2150 tons. 

Or 50^ per centum of the displacement at load line of 33 
feet draught. 

uWachineryi. 

The whole of the machinery and fuel is placed below the 
berth deck and occupies a space 100 feet in length by the 
entire breadth of the vessel. The bunkers, which surround 



■flcial feet. 
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the engines and boilers, contain 825 tons of coal, and the 
total weight of the machinery jacluding- the iron of the 
bunkers, spare pieces for engines, and wat^r in boilers, is 
625 tons ; mating with the coal 1450 tons or 26| per centum 
of the displacement of the vessel at 23 feet draught of 
water. 

The following is the description and dimensions of the mar 
chinery in detail ; 

Engines. 

There are three horizontal, condensing, direLt ictin^ en 
gines, the piston of each cylinder has two piston rods which 
are secured into lugs on the same crosshpad whence the con- 
necting rod extends directly on. The thiee c-vlmdeis aio 
placed on the same side of the keel ; their condensers and air, 
and feed pumps, are placed directly opposite anl are ccn 
tained in one casting. The pumps are honaontal and aie 
worked directly across from the piston rod lugs on the engine 
croeshead ; the air pump, which is double acting, is worked 
from one lug in continuation of one piston rod ; and the feed 
pump, which is single acting, is worked from the other lug 
in continuation of the other piston rod. The steam valve is 
worked by the Imk motion ; it is a three ported equilibiium 
slide packed on the back and has a lap of 2^ inches which 
closes the steam port when the piston has performed 2^ feet 
of its stroke. For working the steam more e\pansivelj, 
there is an independent slide cut-ofi valve actuated by a 
separate eccentric and cutting off the steam at 11 inches 
from the commencement of the sti'oke. The screw shaft ia 
100 feet long from its junction with the engine shaft, and 
weighs 50 tons. The engines occupy a space in the vessel 
28 feet long by 26 feet athwartship and weigh 290 tons. 

The following are the principal dimensions of the engines ; 
Bomely:- 

Nnmber of cylinders 3 

Diamekr of oylindera 72 inclieg, 

Diameter of the piston roas (two to eaoii cylinder) 6 '■ 
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Stroke of pistona 3 feet. 

Space displacement oC tie three pistons per stroke 

(esclueive of piston rods) 253.877 cubic feet. 

Space in cjlinder nozzles and clearance at one end 

of each cylinder 4,978 " 

Space between steam and cut-off Talves at one end 

of each cylinder 17.450 " 

Clearance at each end i_i inch. 

Area of Bteam ports, (G by 39 Inches) 234 square inchea 

" exhaust ports, (9 faj 39 inches) 351 " 

" ont-offralye ports 192 " 

Travel of the steam tbIvo 13 inches. 



,p of the cut-off valve . 



n 



Diameter of dr pnmp (double acting) 

Stroke of air pump piston 3 feet. 

Ai'oa of air pump yaJvea {of India rubber) 380 square inches. 

Diameter of feed pump 6J laches. 

Stroke of feed pump piston 3 feet. 

Diameter of connecting rod at neck 7J inches. 

Diameter of cross head journal loj " 

Length of cross head journal 14 '1 

Diameter of engine shaft journals 14, I5i and 17 inches. 

Length of engine shaft journals 25, 27, and 29 inclios. 

Diameter of screw shaft journals IC J inches. 

Length of the thrust bearing ^^-Xr '' 

Number of collars in ditlo u 

Acting surface of collai's 1046 square inches. 



Boilers. 

There arc four iron boilers (similar to the Vertical Water- 
tube boilers of the U. S. S. "San Jacinto") placed in pairs 
and opposite, -with the fire room between in the fore and aft 
direction of the vessel. The fire room is 10 feet wide, and is 
ventilated by three large hatches. The area in the vessel oc- 
cupied by the boilers and fire room is 33 feet in breadth by 
44 feet in length. Each pair of opposite boilers has its own 
smoke-pipe mating two for the vessel. These pipes are tel- 
escopic for lowering when the ship is under sail alone ; the 
top of the lower or standing part is 12 feet above the spar 
deck, and the top of the upper or lowering part when at its 
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full elevatioa is 20 feet higher, making a total 3 
feet from the spar deck to the top of the smoke pipe. 

The pi-iacipal. heating surface of the boilers is in vertical 
brass tubes placed, not in straight rows but slightly zig-zag, 
over the furnaces. The water is in the tubes, and the heated 
gases pass around them on their way from the furnace to the 
chimney. The boilers, with the exception of the tubes, are of 
iron ; the shell is double riveted, and of | inch plate with 
the exception of the bottom and ash-pits where the plate is 
.^ inch thick. The tubes are of brass, drawn instead of being 
brazed, and composed by weight of 60 parts of copper and 
40 parts of zinc. The entire weight of the four boilers is 
205 J n ; and their principal dimensions are as follows; 
nam y — 

N rah ollera '4 

B d h. acli boiler, In tha fore and aft diree- 

the vessel 21 feet 

L b aoli boiler, atliwai'lship, opposite the 

fire room 11 feet 6 inclies. 

Length of eaoh boiler, atbwartsbip, ahore ihe fire 

room 13 " 8 " 

Height of each boiler, esoluBlva of Btaam chimney 15 " 

Number of faroaoeB in each boiler G 

Widtb of fire gratea in eaoh furnace 2 " 9 " 

Length of fire grates 7 " 4 " 

Area of grate Burfaoe in all the furnacas 484 square feet. 

Numljer of tubes in eaoh boiler 2040. 

laternal diameter of the tubes 1*. inoh. 

Esternal " " 2 inches. 

Length ot the tubes (estreme) 37 " 

Number of rows of tubes to each furnace iu tbo 

direction of ita breadth 10 

Niimber of rows of tnbes to eaeh fiimaoe in the di- 
rection of its length 34 

Area of heating surEice in all the tubes, calonlated 

for the extei-nal diameter 12817.73 square feet. 

Area of heating surfaae in the fumaceB 1363.20 " 

bflokconnesions.. 665.53 " 

" " " tube boxes 1241.2S " 

" " " " plates 964.04 " 

" <■ " front connexions.. 61.03 '• 

13 
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Total area of heating surface in the four boilers. 17102.78 square feet. 

WidtSi in clear between tabes, crosairise theboiler. 1.^ inoli. 
Width of draught opening in dii'ect liae, between 

rows of tubes, crosswiee the boiler ^ " 

Widtli in clear between tubes, lengthwise the 

boiler j_ " 

Number of chimneys 2 

Diameter of each chimney 7 feet. 

Height of each chimney aboye the fire grates .... fiO " 
Aggregate area of draught opening in direct line 

between rows of tubes, for the four boilers. . 49.500 square feet. 

Aggregate area between tubes, for the four boilers. 94.000 " 

Aggregate area of the two chimceys 76.968 ■' 

Proportion of grate surface to dirtd opening foi' 

draught between the tnbes 9.773 to 1.000 

Proportion of grate smfiice to absolute area be- 
tween the tubes 6.7fi3 to l.OOO 

Proportion of grate surftce foareaof chimney. .. G,288 to 1.000 

" " " heating surface . . . 1.000 to 35.336 

Weight bfthe four boilers 378000 pounds. 

" " grate bars 4OO0O " 

" " maoke pipe 31000 " 

" " " appendages, &c 11000 ■' 

" " water in the boilers 230000 " 



The Screw is of bronze, and made according to tlio patent 
of Egbert Griffiths with globular hub and blades adjuatible 
to different pitches. The outline of the blades narrow from 
the hub to the periphery of the screw, so that every portion 
radially, has a different fraction of the pitch. When the 
blades are set at the pitch of 2i feet they form a inie screw; 
but they were never used at that pitch becanse it -would have 
required too high a epeed of engine. The pitch at which they 
were originally set, and from which they have never been 
changed, is 82 feet at the periphery, becoming less and less 
as the hub is approached. The surface, in fact, is that of a 
screw whose pitch expands radially, being least at the hub 
and gi-eatest at the periphery. With the blades set at the 
pitch of 32 feet at the periphery, the pitch at the hub is 30.40 
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feet, and the mean pitch of the whole blade in function of sur- 
face aud of the propelling efficiency of the same is 31|feet, 

The calculations of the mean pitch, and of the mean fraction 
used of the pitch, are made on the postulates that the whole 
blade heing decomposed into an infinite number of helical lines, 
their propelling efficiencies are io the direct ratio of their 
pitches — the ratio of the square of their distances from the 
axis — and the ratio of an increase of ono-aeventh in the pro- 
pelling efficiency for every doubling of the fraction used of 
the pitch. 

The following dimensions of the screw correspond to the 
position of the blades when their periphery has a pitch of 32 
feet: 

Diameter of the screw 18 ft. 3 inches. 

Diameter of the gloliular hii1j 5 ft. 4 " 

Mean pitch of the screw, in functioaof surEmeaudof the 

propellicg efficienoy of the same 31.25 feet. 

Mean fraction used of the pil«h, in function of surface 

(aid of the propeilingefficiency of theeame. 0.2Ui 

Number of bladea 2. 

Length of tlie screw at the periphei'j, in the directioE of 

the axia 1.888 feet. 

Length of the aorew at the longest part (radius ij feet), 

in the direction of the (uda. 4.904 " 

Mean angle of the Wade, in function of surface and of 

the propelling efficiency of the same 3i°:29' 

Radius of the centre of pressure of lie blade 7.38 ' ' 

Thickness of the blade above flUet, at the radius of 3 ft. . 8 inches. 

Thickness of the blade at tbe periphery i " 

Diameter of the pivot attaching blade to hub. 18| " 

Helicoidal area of the two blades 72.60 square ft. 

Projected area of the two blades on a piaue at riglit 

angles to asis 53.43 " 

Weight of screw. 28697 poinids. 

Weight of the hoisting apparatua for the screw 21000 " 

iJf^axim,Uim Performance in S^nooth Ifater 
WninUnenced by l^ind or Current. 

The following is the maximum performance that, nninflu- 
enced by wind or current, can bo permanently sustained in 
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smooth water witli the first qualify of free-burning steam coal. 
The different pressures in the cylinder are themean of a col- 
lation of a large number of indicator diagrams. 

VeBBel'e mean draught of water, in feet 22. 

Vessel's greatest Immersed transverse Becljon, in square ftet. . . . 8.56. 

VesBel's displacement, in tons 5075. 

Vessel's epeet! per liour in geograpliieal miles of 60S6 feet 10.9 

Number of double etrokes of engine's pistons, and of revolntiona 

of the screw, made per minute 45. 

Slip of tlie screw in per centum of its speed 21. 38 

Mean distanoe in inolies from commencement of stroke of piston at 

wliieh tbe steam is cut off in tlie cylinders .11. 

Steam pressure in the boilers, above the atmosphere, in pounds 

per square inch 19> 

Steam pressure in the cylinders at point of cutting off, in pounds per 

square inoU above zero ■. ZG.6 

Stettm pressora in the cylinders at the eod of the strobe of piston, 

in pounds per square inch above aero 13.3 

Mean back pressure in the cylinders, in pounds per square inch 

above zero. 3J 

Mean vacuum in the condensers, in inches of mercury. 26^ 

Mean grras effective pressure on pistons in pounaa per square inch 19.7 

Gross horses power developed by the engines , 1955.09 

Temperature of feed-water In degrees Fabr 100. 

Pounds of steam discharged from the cylinders per honi- ; calcu- 
lated ftom the final steam pressure in the cylinder, per Indi- 
cator 48281.40 

Pounds of steam condensed in the cylinders per hour to produce 
the power of the en^es ; calculated according to Joule's 

equivalent 4935,66 

Pounds of first quality steam coal consumed per bour S900.00 

Pounds of arst quality steam coal consumed per hour per square 

foot of grates 14.25 

Di&trihviion of the Potoer During the above Performance. 

The pressure required to work the engines and" shafting 
per se being taken at 1 J pound per square inch of piston, the 
power thus absorbed is 148.86 horses. 

Deducting from the total power of 1 955.09 horses developed 
by the engines this power of 148.86 horses, there remains the 
power of 1806.33 horses applied to the shaft, of which 1-,} per 
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centum or 135,41 horses is absorbed by the friction of the 

The power expended in overcoming the cohesive resistance 
of the water by the screw blades, calculated in the ratio of 
the square of the volocity, and for a value of 0.45 pound 
avoidupois per square foot of helicoidal surface moving in ita 
helical path with a velocity of 10 feet per second, amounts to 
58.82 horses. 

The powers (135. 41 and 58.82 horses) absorbed by the fric- 
tion of the load and expended in overcoming the cohesive 
resistance of the water by the screw blades, being deducted 
from the power (1806.23 horses) applied to the shaft, there 
remains 1611.94 horses power expended in the slip of 
the screw and in the propulsion of the hull. And as the slip 
of the screw is 21.38 per centum of its speed, the power ex- ■ 
pended in it is (16ia.94X-2138=) 344.63 horses, leaving 
(1611.94 — ^344.63 =) 1261,31 horses expended in the propul- 
sion of the simple hull. 

Collecting the foregoing, we have the following distribution 
of the power, namely: 

Soma Power. Per C'mtam. 
Gross Indicator power developed by tha engines 1855.09 
Power reqnired to work tlie engines and ahftftiog 

ptrse 1*8.86 

Ket power applied to the sliftft I80fi.23 or lOO.OO 

Power a\isor1)ed by the friction oftbeload 135.47 " 7.51) 

power espaEaed in overcoming the ooheavc re- 

astanoe of tbe water by tlie screw bladei. .. 58.82 " 3.26 

Power expended in the slip t>( the Borew. 344.63 '■ 19.08 

power oxpeudcti in the propulsion of the vosbcI. I2C7.31 " 70.16 

Totals 1800.23 " 100,00 



Thrust of the Screw. 

The thrust of the screw during the foregoing max 
performance, can be easily calculated from the data i 
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above distribution of the power. The power required to pro- 
pel the simple hull is therein found to be 126t.31 horses, equal 
to (1267,31X33000=) 41831230 pounds raised one foot high 
perminut«. The speed of the vessel was 10.9 geographical 
miles of 6086 feet per hour or (- °'^^J'"^^ =) 1105.6233 feet per 
minute; the resistance of tlie vessel at this speed, or its 
equivalent the thrust of the screw, was consequently 
( uwM^s ^) ^""^^^ pounds. 

Perform.ance at l§ea under the ConMtions &t 
Ordinary F'raetice. 

In the three following Tables will he found Abstracts of 
the Steam Log of the " Niagaea." The first gives the perfor- 
mance under steam alone; the second the performance under 
steam assisted by the fore and aft sails ; the third the perform- 
ance under steam and the square sails combined. These 
tables inclade the whole of the pei-formance up to the present 
date, during which all the elements are recorded in the ves- 
sel's log. They, of course, exclude a considerable amount of 
steaming for short distances, and also where the log is imper- 
fect or otherwise unreliable and useless. 

The number of consecutive hours on each line of the tables, 
is the time during which the wind, sea, sail, and working of 
the machinery, continued about uniform. The speed was 
taken by the common chip log hove hourly by the officer of 
the deck; and the direction of the vessel and of the wind to- 
gether with the force of the latter and the state of the sea, are 
the mean as recorded by him. 

The number of revolutions of the screw and double strokes 
of engine's pistons made per minute, were taken by a self- 
registering counter and entered in the steam log at the close 
of each hour by the assistant engineer on watch. He also 
entered for each hour the mean steam pressure and vacuum, 
the number of pounds of coal expended and the quantity of 
refuse in ashes, &c. Opposite the record of each day's steam- 
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ing there is paeted in the log an Indicator double diagram 
from all the cylinders, with the necessary particulars noted 
on it, showing the development of power, &c., at tlie time 
taken, and corresponding to tiie particulars given. 

The throttle was always carried partly closed. The prin- 
cipal part of the coal used was Pennsylvaaia hard anthracite; 
the remainder was English steam coal, and both were of very 
good quality. The temperature of the feed-water was very 
nearly constant at 100° Fahr. 

In a log made up in this manner it ie not probable that for 
any particular hour the record was precisely the truth. The 
speed of the vessel cannot, by the chip log, be determined 
within, say, 5 per centum, and the state of the sea, and the 
dnrection and force of the wind are very unreliable, being 
estimated according to the judgment and sensations of the 
observer. What would be called a rough sea by one would 
be considered a moderate sea by another, and the force of the 
wind would be as variously estimated as there were persons. 
Tho direction and force of the wind, too, are the apparent ones 
to an observer on dock, being modified from the true ones by 
the speed and direction of tho vessel. The intensity of the 
same wind would be estimated vciy differently when steam- 
ing with or against it ; and the same remark applies with 
equal force to estimations of the state of the sea. Still, not- 
withstanding all these sources of error, the average results of 
a long course of steaming may be depended on as a pretty 
close approximation to the truth ; for the great probability is 
that the quantities will be as often given too high as too 
low, and the mean by the correction of errors is quite accu- 
rate enough for all practical purposes. 

The record of the performance of the machinery is correct 
for each hour, except in the matter of the coal consumed and 
its refuse. These are the doubtful elements. The log gives 
the weight of coal expended per hour, but whether it was 
consumed in that particular hour and whether the ashes with- 
drawn belonged to it, it is impossible to ascertain. Also, the 
quality of the coal, the quantity lost in cleaning the furnaces 
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at irregular intervals, the lessened or increased evaporation 
due to bad or good firing, and the effect of weather and many 
other accidental circumstances on combustion, remain, of 
course, unnoticed. 

The slip of the screw is the difference between its speed 
and that of the vessel expressed in per centiim of the former. 
In the table of the performance under steam and e^il com- 
bined, there was during May 28th and 29th, 1851 ; March 9th 
and 10th and the lith ; October 20th and Slat ; and Novem- 
ber 21st, 1858 ; a negative slip, that is to say, the apeed of 
the vessel was greater than the speed of the screw, and this 
slip is expressed in per centum of the vessel's speed with the 
minus (— ) prefix. 

When leaving port with 800 tons of coal on board, 50O 
men, four months provisions, and 42000 gallons of water (the 
tanks stow 35000 gallons), but without battery and ammu- 
nition, the vessel's draught of water ia 21 feet 6 inches for- 
ward and 22 feet 10 inches aft, mean 22 feet 2 inches. On 
arriving at port the mean draught of water was usually 20 
feet 6 inches. The average draught for the whole steaming 
done was about 21 feet 4 inches, the greatest immersed trans- 
verse section corresponding to which was 874 square feet 
and the displacement i832 tons. 
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ISestms from the Meant E,Gg. 
The following Table contains a Synopsis of the Steam Log 
of the " NiABABA." The mean of tie whole performance at 
sea "Tinder steam alone," "under steam and fore and aft 
sails," and " under steam and square eailg combined," is ar- 
ranged in the first three columns ; and in the fom-th column 
■will be found the mean of the preceding three. 

The mean gross effective steam pressure on the pistons, the 
pressure in the cylinders at the point of cutting off the steam, 
and at the end of the stroke of pistons, and the back pressure 
against the pistons, are the results of a careful analysis of 
all the Indicator diagrams contained in the log books. 

The evaporation is calculated from the steam pressure at 
the end of the stroke of the pistons ; and to this is added the 
steam condensed in the cylinders to produce the power devel- 
oped by the engines, calculated according to Joule's equiva- 
lent of one pound of water raised one degree on Fahrenheit's 
scale for every 113 foot-pounds developed by the engines. 
There is furthermore added tho evaporation due to the loss of 
heat by "blowing-off" so much of the boiler water as would 
maintain its concentration at 1| time the density of sea water. 
There is some uncertainty in this quantity, as in order to ob- 
tain it correctly by calculation the true evaporation by the 
boiler must be known, and tbis the Indicator does not give. 
It has, however, been assumed, as a reasonably close prac- 
tical approximation in the present case, that one-iifth of tbe 
steam generated by the coal is condensed' before being dis- 
charged from tbe cylinders in addition to the condensation 
for the production of the power, and with this addition of 25 
per centum to the weight of steam discharged from the cylin- 
ders per Indicator and condensed for the development of the 
power, the loss by "blowing-off" has been calculated. The 
feed water entered the boiler at about 100° Pahr. In these 
calcnlations the tables of Regnadlt have been used. 

It will be observed (referring now and hereafter to the last 
column of the Tabic) that the steam was much throttled in 



Hosted by 



CmOo^^ 



205 

f from the boiler to tlio cylinder, tlie initial pressure 
iu the latter being on, an average about 1 pounds per square 
inch less than in the former. 

The screw possessed too little propelling efficiency to give 
the vessel steerage way when steaming with the consumption 
of 50 tons of coal per 24 hours against a heavy head wind 
and sea ; aud its slip, under all circumstances, was too great 
for economy except when it was employed in conjunction 
with the square sails. 

The speed of the engines' pistons was by no means great, ' 
being only 45 double strokes per minute for the maximum, 
and less than 34 for the average. 

Notwithstanding the good quality of the fuel, fair vacuum in 
tlie condenser, and unrivalled evaporation given by the boiler, 
the Indicated horse power cost 4.19 pounds of coal per hour. 
The steam space between the piston and steam valve was 
large, while the steam space between the steam and cut-off 
valves was enormous, and the loss of steam due to these pro- 
portions was very considerable. But a still greater loss of 
effect was due to the low mean effiictive pressure on the pis- 
ton, namely 11.2 pounds per square inch, which made the 
back pressure of 4.8 pounds per square inch, and the pressure 
of IJ pound per square inch required to work the engines 
per se, absorb (^4nTJ^— ) ^H pei' centum of the fuel to 
overcome it. For economy, the cylinders wore indeed much 
too large for the boilers at the speed of piston given by the 
pitch of the screw ; as it reduced the mean effective press- 
ure so low that the back pressure became an enormous loss. 
The pitch of the screw was too great for the resistance of 
the vessel and gave too much loss by slip ; it could not, 
therefore, be increased to lessen the revolutions and aug- 
ment the mean effective pressure on the pistons. If, on the 
other hand, the pitch had been reduced to lessen the loss from 
the slip, then the speed of the engines would have been pro- 
portionably increased and, using the same weight of steam 
the mean effective pressure on the pistons would have been 
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Y reduced while the back pressure remaining the same 
would have become a much higher per centum of the total , 
preasuTQ and have given an increased loss probably over- 
balancing the increased gain by the lessened slip due to the 
lessened pitch. 

The disproportionately ga-eat capacity of cylinder, therefore, 
is the great fault of the machinery ; it causes an enormous 
loss either by the high per centum of the back pressure 
against the pistons, or by the great slip of the screw, and 
neither can be lessened without increasing the other. Had 
only two of the three engines been employed with a better 
arrangement of the valves, and had the space occupied by the 
third been appropriated to additional boiler, and had the pitch 
of the screw been reduced to, say, 22 feet, afar gi'eater power 
would have been obtained from the same weight of fuel, and 
of that gi-eater power a much greater per centum would have 
been usefully applied to the propulsion of the vessel. 

As the diameter of the screw was limited by the construc- 
tion of the vessel, a pitch should have been choseu that 
would have given the most economical slip, and then the boiler 
power haviHg been determined for such a consumption of fuel 
as could be afforded, the smallest engine should have been 
adopted that would have worked off the steam at as high a 
boiler pressure as could judiciously be carried at sea with 
the proper measure of expansion for economy. 

With the average consumption of 43 tons of coal per 24 
hours, the "Niagaka" can steam continuously 19 days, and 
taking the average speed of 8.46 knots per hour for average 
weather, can perform in that time a voyage of 3851 geo- 
graphical miles. 
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Werfonmunce when Staying the Atlantic _Tcle- 
graph Cable. 

The following Taljle contains the performance of the 
"Niagaea" from mid-ocean to Trinity Bay, when layipg the 
Atlantic Telegraph Cable. 

That the paying ont of the Cahlc offered a great resistance 
to the progress of the vessel, is aliko shown by her low 
speed, by the small number of double strokes made by 
engines' pistons per minute, and by the great slip of the 
screw ; notwithstanding that the consumption of coal waa 
only alDOut one-eighth less than the sea-going average, and 
tljat the weather was very favorable. 

At the comniencement of this performance, there was 1,100 
geographical miles of Cable on board, and the length paid 
out exceeded the distance run by the vessel by 15 per centum. 
The average angle made by the Cable with the horizon was 
13 degrees, and the depth of water for two-thirds of the dis- 
tance averaged 2 miles. 
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UNITED STATES STEAMSHIP 

" MASSACHUSETTS." 



The "Massachusetts" was originally built for a steam 
packet to ply between New York aad Liverpool, which not 
proving a eatisfactory speculation she was next sent to the 
,Eaat Indies, and on her return, — the war between Mexico and 
the United States being in progress,^ was sold to the Army 
for a transport. After the treaty of peace she was trans- 
ferred to the Navy and sent to the Pacific on the California 
coast, whence she returned to Norfolk, Virginia. New boil- 
ers and a new screw of different design from the old ones 
were now placed in the vessel and aho sailed in July, 1854, 
again for the Pacific. The machinery hereinafter described 
is for the "vessel as refitted at Norfolk. 

The steam power of the " Massachusetts" was intended to 
bo purely auxiliary, and to be used only in calms and when 
the wind was so light as to give the vessel with sails alone 
a less speed than 4 knots per hour. The original machinery 
was designed by John Ericsson and included his screw and 
hoisting gear. 

The following are the dimensions of tbe hnll and refitted 
machinery ; to which is added an abstract of all the perform- 
ance with the latter that is to be found in the Log books at 
the Navy Department : 
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Length from forivara part of billot-hi^iid to af- 
ter part of taifrail 178 feet. 

LeagUi on deck 160 " 

Length on water line at 14 feet mean draught, 156 feet 3 inches. 

Breadth extreme 32 feet. 

Depth of bold 20 " 

Depth of keel 1 foot 6 inches. 

[■Forward 15 feet. 

Deep load dranght, .. ■) Mean 15 feet 6 inches. 

LAft 16feet. 

Mean draught of water during the steaming 

comprised in the Logs H " 

Depth fi-om rabbet of keel to water line at a 

draught of 14 feet 12 feet G inches. 

Displacement at It (feet draught 1168 tons. 

DiBplaoement per inch of draught at li feet 

draught 9.64 tons. 

Greatest immersed truDBTerse section at H feet 

di^ught 352 square feet. 

Area of water line at 14 feet draught 4040 " 

Immersed Burlhce of hull, exclusive of keel, at 

U feet draught 5370 " 

Surl^ce of keel 642 '■ 

Displacement, esoluaive of keel, at 14 feet 

draught 40800.6 cubic feet. 

Distance of the greatest traasverse section he- 
fore the centre of the water line at 14 feet 

(iye-vgU '. 13 feet 3 inches. 

Angleof entrance of water line at 14 feet draught 76° 

Mean angle of entrance for tho whole draught of 

llfeet 65= 

Angle of clearance of water line at 14 feet 

draught 68^ 

Mean angle of clearance for the whole draught 

of 14 feet 32' 

Angle of deadrise of the greatest transverse 

section 6° 

Area of water line at 14 feet draught, in propor- 
tion to circumscribing parallelagram 0,808 

Areaof greatest immersed transverse section at 
14 feet draught, in proportion to ciroum- 
acribing parallelogram 0.880 



Hosted by 



Google 



215 



Displacement at 14 feet draught !□ proportion 

to circumsorlbiug paiallclopippdon 0.653 

Displaoement at 14 feet draught in proportion 
to cylinder bavingforbase the greatest im- 
mersed transTeree eectjon 0,742 

Sails. 

Area of all tlie plain sails 21082 square feet. 

Area of aail in proportion to area of water lino 

at 14 feet draught 6.218 to 1.000 

Area of pail in proportion to greatest immersed 

trBUBverse section at 14 feet draught 6U.efl2 to 1.000 

Square feet of sail per ton of displacement at 

14 feet drauglit 18.030 

JEngines. 

Two inclined, direct action, condensing engines, connected 
on one crank pin nearly at right angles to each other. There 
is but one condenser and air pump for both engines ; the air 
pump is double acting, horizontal, and fitted with canvass 
valves. The steam valve is a short three ported slide with- 
out lap. The cutroff valve is a simple elide cutting off the 
steam at exactly one fourth the stroke from tiio beginning. 
For starting the engines, and when it is desired to work the 
steam full stroke, there is a monkey-tail or cock to admit 
steam to the three ported slide from behind the cut-off valve. 
The engines are placed in the extreme of the vessel's etern, 
and the shaft instead of passing through the stern post passes 
out by the side of it. 

Diametei- of the. cylinders 24J inches. 

Stroke of the pistons 3 faet. 

Space displacement of hoth piatona per Btroke 20.250 cubic feet. 

Steam space between cnt-off and steam slide valves, 

both cylinders , 0-692 " 

Steam space between steam slide valves and pistons, 

at 0(16 endof ioIAcylindHta 0-642 " 

Area of steam port of cylinaers (2^ by 8 inches) . . 19^0 square inches. 
" '■ openings through cut-off valve, (i-fg 

by 7|^ inches ^2) 22.82 " 
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Area of steam openiogs through monkey-tail cock 

(1| by IJ inch) 2.19 square niches. 

Clearance at each end of cjlindera 0.277 inch. 

Diametef of air pump 14| inches. 

Stroke of ajr pump piston 2 feet. 

Space diBplaEement of air pump piston per stroke.. 2.254 cubic feet. 



The boilers are of iron and two in number, placed aido by 
side with one smoke chimney in common. They are of the 
single return ascending flue variety, the chimney being im- 
mediately over the furnacea. The lower flues, situated behind 
the furnaces are, for each boiler, eighteen in number, fourteen 
of which are 9 inches in internal diameter, two 12 inches and 
two 8 inches ; the length of these flues is 8 feet 9 inches. 
The upper flues, returned immediately above the lower ones 
and furnaces, are sixteen in number, 9 inches in diameter and 
14 feet inches in length, for each boiler. There are two 
furnaces to each boifer, each furnace is i feet wide, and is 
fired through two doors. The steam chimney or drum sur- 
roiinds the smoke chimney and is 5 feet high above the top 
of the boiler with an area of 34.91 square feet ; the total 
steam room in it being equal to thirty charges of steam for 
both cylinders when cutting off at one fourth the stroke of 
piston from the commencement. The following are tiie re- 
maining dimensions &c. of the boilers, viz. : 

Length of Each boiler 19 feet, 

Bretwlth ■' 9 " 

Height " (exclasiTe of steam chimney) , 9 " 

Total area of heating surfiice in both boilers 2475 equHre feet. 

" gi'ttte " " 87 " 

Totalcrosaareaoflowerfluesinbothboilers 16.902 " 

" " upper " ■' 14.136 " 

Cross area of the smoke chimney 15.904 " 

Height " ■' above grates 40 feet. 

Total sletira room in both boilera 441.2 cubic feet. 

Total weight of sea water in both boilers 18.16 tona. 
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ProporHons. 

Proporlioa oftieating to grate surfaoe 28.449 to 1.000 

Proportion of grate eurfiioe to cross area of lower 

flues 5.148 " " 

Proportion of grate surface to cross area oFupper flues 6.154 " " ■ 
Proportiott of grate surface to cross area of smoke 

chimney 5.470 ^' " 

Proportion of length to diameter of flues 31.000 " " 

Proportion of steam room to bnlfe of steam used per 

Eirokeofbotli pislons 70.604 " " 

Screw. 

Oae expanding pitch, screw ; of bronze composed of 9 parts 
copper, 1 part tin, and ^ part zinc ; weight 5200 pounds. 
Thickneas of blades at hub 3J- inches tapering to ^ inch 
at the periphery of the screw. The following are the dimen- 

Diameter of the screw 10 feet 6 iuolics. 

"'■ " hub 14^ iuolies. 

Length of the screw in the direction of the axis, at the 

periphery 2 feet. 

Length of the screw in the direction of tlie asis, at IJ^ 

feet radins 2 " 

Tapering to tlie hub where the length in the direction of 

the asis Is 1 foot G inohea 

Number of blades 5 

Initial pilch 15 feet. 

Final " I'' " 

Mean " (from which the slip is calculated) 16 " 

Mean fraction used of the pitch (16 feet) 0.620 

Hellcoidal area of the eoi-ew 67.60 square ft. 

Pr(geoted area of the screw on a plane at right angles to 

(udB 60.283 

Distance between the surface of the water and axis of 

the Ecrowat 16 feet mean draught S fact 1 inch. 

<^pparaius for Moisting out the Sfcrew. 

The screw can be hoisted out of water either bj man power 
or by a small anxiliary steam cylinder, by means of an ar 
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rangement nhicb consists of a sliaft on which is a capstan 
(for lifting the soreiv by man powei) of eight arms measur- 
ing 2i uii^hes liom the axis of the shaft to the extitinity of 
the aim This shaft cariies aa endless sciew of 4J inches 
diameter woiking into a wheel of 32^ inches diameter, 2^ 
inches face a^d 1| inch pitch of teeth Tlie shaft of this 
wheel cariies a pmion of 8| inches diameter woiking into a 
wheel of 43J inches diameter, 6 inches face and 3^ inches 
pitch ot teeth, the shaft of which m its turn cariies a pinion 
of 9J inches diimeter woilving into i wheel of 55f inches 
diameter, 1 inches face and 3 inches pitch ot teeth The 
diameters of all the above pinions and wheels ire to their 
pitch circles On the shaft of the last wheel is keyed the 
upper end of the bionze lifting arm of the screw, the lower 
end of T\hn,h encudes the prujecting poition ot the screw's 
hub the weight of this lifting ■irm la 1200 pounds The 
screw IS not keyed to its shaft which meiely slips into tho 
liul anil IS made square m section (with tho angle'i a little 
taken oft) to present turning The outboard section of the 
sciew shift IS ot wrought iion and sjhd , the mboaid 6ec 
tionis of cast uon dud is niide hollow to receive the out 
board section when the latter is moved inwards in the line 
of its axis. The solid shaft, after being slipped into the hub 
of the screw ready for propelling, is connected with the hol- 
low shaft by a strong wrought iron bey. When it is desired 
to hoist out the screw, this key is removed and the outboard 
section of the shaft is drawn by a screw aad yoke directly 
inwards into tho hollow part of the cast iron inboard section 
sufficiently far to disengage the shaft from the hub of the 
screw; the capstan being then turned by man power, or its 
shaft by the small auxiliary steam cylinder, the gearing is 
set in motion, and the lifting arm making half a revolution 
hoists the screw out of water and elevates it perpendicularly 
14 feet, where it is secured by locking the gearing with a 
toothed segment and clamp, and by hooking braces to it 
from the vessel. When it is required to lower the screw, tlie 
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3 operation is performed. It ref^cirod from 10 to 15 
minutes with the small steam cylinder, and nearly an hour 
with the capstan and several men working at their utmost 
speed, to raiso the screw and secure it ready for sailing. 
To lower and fix the screw ready for steaming required but 
a few minutes, aa it was allowed to descend freely hj its 
gravity. 

By the above arrangement it will be perceived that in 
backing, the thrust of the screw ia communicated by the collar 
on the hub to the lifting arm; this arm must, therefore, be 
made sufficiently strong to hold the thrust of the screw 
against itfi leverage of 1 feet. In going ahead, the thrust of 
the screw is communicated by the hub to the after end of the 
solid shaft; the after extremities of the shaft and of the bore 
of the hub being tapered to the form of the frustum of a pyr- 
amid. From the solid shaft the thrust ia communicated to 
the hollow shaft by a key passing through both, (which key 
ia taken out when the solid shaft is moved forward or back) 
and from the hollow shaft it is transmitted through a collar- 
to a pillow block bolted to the vessel. The screw ia abaft 
the rudder which being between it and the stern post vibrates 
past the screw sbaft by means of a notch. The shaft being 
on one side the stern post a small notch in the rudder ia suf- 
ficient for the purpciae. 

The advantages of this system of hoisting gear for the 
screw over the system ordinarily employed are; Ist. That it 
dispenses with the Well in the stern— a costly, difficult, and 
weak part of the construction. 2d. That it permits in an 
armed ship a pivot gun to bo mounted on the. stern. 3d. That 
it permits the use of a screw of more than two blades if de- 
sired. And 4th. That it permits the use of a screw of greater 
diameter — a most important dimension in the economical ap- 
plication of the power. The coat and weight of the gear with 
the two systems are about the same. 

In the case of the conversion of a sailing vessel into a 
steamer with a hoist up screw, the gear of the " Massachu- 
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SErra" offers great advantages in the economy of the trans- 
formation; as the only alteration needed for the stern is the 
perforation of two holes, not through but by the side of the 
stem-post, one for the screw-shaft and the other for the shaft 
carrying the lifting arm : not even the rudder need be wasted. 
With the Well and system of hoisting through the deck, an 
entirely new stern is required, heavier than the one it replaces 
and much more overhanging; the whole of the old stern must 
be destroyed and the remainder of the hull will require addi- 
tional strengthening for the support of this additional and 
overhanging weight. The keel must be lengthened too, and a 
separate rudder-post beaides tho new and larger st«rn-post 
will he required. All these expensive alterations would be 
avoided by the employment of the hoisting gear of the 
" Massachusetts." The objections to it arc the unsightly ap- 
pearance of the screw when op — a matter of no importance, 
and that it does not offer sufGoicnt guarantee of strength in 
cases where great power is to be applied. The validity of 
the latter objection can only be determined by a more en- 
larged experience. The practical working of the gear on 
hoard the " MASSACsusErra" during many years was very 
satisfactory, no trouble of any kind having ever been given 
by it. 

Pei'formianee In &iuo&th WW^er WKimttueticed 
bif Wind or C-urreni. 

During a trial trip of three days duration, the maximum per- 
formance that could be permanently sustained by the vessel in 
smooth water uninfluenced fay wind or current was very ac- 
curately ascertained. The speed was determined by shore 
marks in Chesapeake Bay; the number of double strokes 
made by the engine's pistons was taken by a self-registering 
counter. The coal was hard Anthracite and both it and its 
Refuse were carefully weighed. The power was determined 
by the Indicator. The vessel's draught of water was 16 
feet forward and 16J feet aft, mean 16J feet. Greatest ini- 
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mersed trausverso section 424 Bqiiave feet. Displacement 
1428 tons. 

The following aro the results, namely: — 
Speed of the Teseel per hour in geographical miles of 6086 

feet 6.9 

Double atroliefi of engine's piatona and rovolutions of iho 

ecrcw per minute 5*' 

Slip of the screw in per centum of Its speed, (calculated 

for mean pitch ot 16 feet) 19. 

Mean gross effective pressure on pistons in pounds per 

square inch by Indicator 25.6 

Gross horses power dereloped by the en^nea 240.74 

Steam pressure in boilers In pounds per square inch above 

fttmofphere 3^- 

Steam out off at in cylinders from commencement of stroke 

of piatoa -. "-^S or 9 inches. 

Throttle Wide open. 

Vacuum in condenser per barometer gauge, in inches of 

mercury '■'■ 

PoundBOfAnttracito consumed per hour, Old. 

Per Centura of Eefuse in Ashes, etc "IJ. 

Disti-Qndion of the Power During the above Ferforrmnce. 

The pressure required by Indicator to work the engines and 
shafting per se; that is to say, disengaged from the screw, 
was 3 pounds per square inch of pistons; consequently the 
power thus absorbed when the pistons were making 54 double 
strokes per minute, was { *'^'l^g -—X^ — ) 28.21 horses, which 
deducted from the gross power 240.U horses developed by 
the engines, leaves 212.53 horses power applied to the screw 
shaft. 

Of this 212.53 horses power, 1 J per centum or 15.94 horses 
power were expended in overcoming the friction of the load. 

The power expended in overcoming the oohesian of the 
water by the screw blades, calculated in the ratio of the 
square of their helical velocity and for a vahre of 0.45 pound 
per square foot of helicoidal surface moving in its helical 
path with a velocity of 10 feet per second, was 15.66 horses. 

Deducting the aggregate of (15.94+15.66 =) 31.60 horses 
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expended in overcoming tlie friction of tlie load and tlie co- 
hesive resistance of the water to the screw blades, from tiie 
power of 212.53 lioraes applied to the screw-shaft, there re- 
mains 180.93 horses, of which 19 per centum or 34.38 horses 
were expended in the slip of the screw, leaving 146.55 horses 
expended in the propulsion of the simple hull of the vessel. 

Collecting the foregoing, wo have the following distribu- 
tion of the power, namely : — 

BiTSea Power, Per Centum. 
Gross horses powev dereloped by the engines, . . 2i0.74 
Power required to work the engines per m 28.21 

Power applied to the soi'ew shaft 212.53 or 100.00 

Power eipended in overcoming the friction of tiie 

load 15.9i " 7.50 

Power expended In oserooming the cohesive resis- 
tance of the water to the screw blades. 15.66 " 7.37 

Power espendefl iatho slip of the screw. 34.38 " 16.18 

Power expended in flie propulaon of the simple 

hull Ii6.55 " 68.93 

Totals 212.53 " 100.00 



Thrust of the Screw.— From the iibovo distribution of the 
power, the thrust of the screw can be easily ascertained. 
The number of horses power propelling the simple bull being 
146,55, and the speed of the vessel being ( ~.^^ — ) 699.89 
feet per minute, the tlirust of the screw will be (— ^"-^p^^^) 
6910 pounds. 

E^ermients on the Ifrag of the Screw when 
the Vessel is Tinder Sail tSlone. 

During the trial trip a number of reliable experiments were 
made at sea to determine the diminution of the vessel's speed 
when under sail alone, due to the resistance of the screw both 
when held stationary on its shaft, and when allowed lo re- 
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volve freely in the water by the preasiire resulting from the 
forward movement of the vessel. 

The eiperiraents were made with the three cases of a light 
breeze abeam, a light breeze on the quarter, and a moderate 
breeze on the quarter, and the mean of all the trials in each 
case was taken for the effect due to its conditions. During 
every trial it was carefully observed whether the breeze re- 
mained steady, and if it changed perceptibly that trial was 
rejected. The water was smooth throughout and all sail was 
set from Courses to Eoyals. Under these circumstances the 
results for the three cases were as follows, namely: 
1st Experiment : Light Breeze on the Beam. 
Speed of the vessel per hour in geographical miles 
of 6086 feet, under sail alone, the screw hoisted 

out of water 4-5 

Speed of the vessel per hour in geographical miles 
of 6086 feet, under sail alone, the screw in 

water making 15 revolutions per minute 3,8 

Speed of the vessel per hour in geographical miles 
of 6086 feet, under sail alone, the screw in water 

held stationary 2.8 

From the results of this experiment it appears, that the 
diminution of the vessel's speed due to the drag of the screw 
when it was allowed to revolve freely in the water by the re- 
action of the same, was ( ^^^s'"" — ) 15.55 per centum; also, 
that the speed of the screw (product of pitch and number of 
revolutions) was ( ""t^^s"^' '— 2-366, and ^:!2±|^^ii2?=) 3T,13 
per centum less than the speed of the vessel. When the 
screw was held stationary the diminution of the vessel's speed 
due to its drag, was (it^^^i^"^) 37.71 per centum. In 
comparing the speeds of the vessel with the screw first revolv- 
ing in water and then held stationary, it will be seen that the 

diminution due its drag in the last case was {- — -^ =;) 

26.32 per centum of the speed in the first case. 
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2ii Experiment : Light Breeze o 

Speed of the veasDl per hour in geograpliical milea 

of 6086 feet, under sail alooo, tlie screw hoisted 

out of water , 5.0O 

Speed of the Tesael per hour in geographical miles 
of 6086 feet, under sail alone, the screw in water 

mating 1*1 revolutiona per minute 4,25 

Speed of the vessel per hour in geographical miles 
of 6086 foet, under sail alone, the screw in water 

held stationary 3, 20 

From the resnits of this experiment it appears, that the 
diminution of the vessel's speed due to the drag of the screw 
when it was allowed to revolve freely in tbo water by the re- 
action of the same, was \~ — ■^- — =) 15.00 per centum; 
also that the speed of the screw was (— ^^5^= 2.683, and 
a ^ 2M-a^83>:i(ii) ___j 35 go pgj, centum less than the speed of the 
vessel. When the screw was held stationary the diminution 
of the vessel's speed due to its drag, was (- — ■ 'ioo__\ 
36.00 per centum. In comparing the speeds of the vessel 
with the screw first revolving in water and then held station- 
ary, it will be seen that the diminution due to its drag in the 
last case was {- — -^^ — =) 24.16 per centum of the speed 
in the first case. 

Zd Experiment; Moderate Breeze on the Quarter. 

Speed of the vessel per hour in geographical miles 
of 6086 feet, under sail alone, the screw hoist- 
ed out of water >j_oo 

Speed of the vessel per hour in geographical miles 
of 6086 feet, under sail alone, the screw in 
water making 25 revolutions per minute 6.00 

Speed of the vessel per hour in geographical miles 
of 6086 feet, under sail alone, the screw in 
water held stationary 4 50 
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From the reaultB of this experiment it appears, that the 
dimitmtion of the Teasel's speed due to the drag of the screw 
when it was allowed to revolve freely in the water by the re- 
action of the same, was ( '''^^7''"° =) 1^-29 per centum; 
alsoj that the speed of the screw was (- ^^g^" = 3.943, and 
a. w»-jiJ43yii)o ^^ g^ 2g pg^ centum less than the speed of the 
vessel. When the screw was held stationary the diminution 
of the vessel's speed due to its drag, was ( '° ^'j^^' — =^) 
35.10 per centum. In comparing the speeds of the vessel 
with the screw first revolving in water and then held station- 
ary, it will be seen that the diminution due to its drag in the 
last case was (- ?°~^-^°''"'' =) 25.00 per centum of the speed 
in the first case. 

The mean of the foregoing three esperiments gives for the 
diminution of the vessel's speed under sail alone with the 
screw hoisted out of water, due to the drag of the screw when 
it was in water and revolving freely by the pressure of the 
same on the forward face of the blades ( "^ 3 "^ ' — ) 
14.95 per centum. When the screw is in water dragging and 
revolving it makes for a mean ( ' ^3 ^ ' ■ ^') ^-"i revolu- 
tions per minute to each geographical mile per hour of the 
vessel's speed; and the longitudinal speed of the screw is 
^6086-^.0* i^ie.BOxioo __j gg 21 per centum less than the speed of 
the vessel. Between the speed of the vessel under sail alone 
when the screw is in the water and revolves freely by the 
pressure on its forward surface, and when the screw is held 
stationary and dragged through the water, there is a differ- 

ence of ( '- jso+tas+aw " 



-) 35.21 per cen- 



tum of the speed of the first c 



1 favor of the revolving 
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of the Screw wkea vevolving caused a siightly lees diminu- 
tion of the vessel's speed at the higher than at the lower ve- 
locities. The diminution when the vessel made 4.50 miles 
per hour with the screw hoisted out of water, was 15.55 
per centum; when the speed was increased to 5.00 miles per 
hour, it "became 15.00 per .centum; andfinally, when the speed 
rose to T.OO miles per hour, it fell to 14.29 per centum. This 
change of proportion is evidently in the right direction and 
indicates that at the higher speeds of 9 and 10 miles per hour 
the decrease would become important. It doubtless arises 
from the fact that as the vessel's velocity increases, the resis- 
tance of the dragging screw is lessened by a decrease of 
solidity in the water at the stern owing to its inabilily for 
want of time to flow in and fill solidly the vacuity left by the 
forward movement of the vessel. The fuller, then, the stern, 
the' more strongly should this effect ho marked, and con- 
trasted with screw steamer models of the present day, the 
stern of the " Massachusetts" had full water lines. 

It will be observed, that the number of revolutions made 
by the dragging screw per minute per mile of vessel's speed 
is about the same in the three experiments; as is also the re- 
duction caused in the speed of the vessel when the screw is 
revolving and dragging, by holding it stationary and drag- 
ging it. 

The above determination of the diminution of tlie vessel's 
speed due to the Drag of the Screw, is for sailing in perfectly 
smooth water when the vessel opposes only its normal resis- 
tance; but just in proportion as the water becomes rough and 
thereby increases that resistance, will the diminution of the 
speed due to the drag of the screw become less and less. 
The truth of this will appear if we consider, that for equal 
speeds of vessel — be the condition of the water what it may 
-—the resistance of the drag of the screw, and consequently 
the amount of power required to overcome it, will remain 
the same, because the screw will mafee the same number of 
revolutions in equal times; not so, however, the power re- 
quired to propel the simple hull, which, at equal speeds will 
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vary according' to the roHglmesa of tlie water, becoming 
greater ae the roughness increases. Now as the power ex- 
pended iu dragging the screw is a portion of the gross power 
propelling the vessel, it is evident that as the former increases, 
the latter — being constant absolutely — decreases relatively 
and becomes a less per centum of it. Hence we perceive that 
the diminution of the vessel's speed due to the Drag of the 
Screw, is greatest when sailing in perfectly smooth water, 
and least when sailing in the roughest ivater, being governed 
inversely by the gross power reqrrired to propel the vessel at 
the given speed. 

To illustrate this proposition, we will determine from the 
foregoing data, what will be the diminution of the speed of 
the " Massachusetts" in water of a roughness to increase the 
resistance of the hull one third; a common fact in practice. 
Let us take the speed of the vessel at 6.9 knots per hour in 
smooth water when dragging the revolving screw ; then as 
this drag operated a diminution of, say, 15 per centum of the 
speed when the screw is hoisted out of water, the vessel's 
speed, ceteris paribus, with the screw hoisted ont, would be 
(100—15 = 85; and 85 : 6.9 : : 100 :) 8.118 knots per hour. 
On referring back to the "Distribution of the Power," we 
find that to propel the simple hull at a speed of 6,9 knots 
per hour reqnires li6,55 horses powei; consequently, to 
propel it at the speed of 8.118 knots per hour would require 
(6.9^ : 146.55 : : 8.118 :) 338.88 horses power. The difi'er- 
enceofthese powers, namely, (238.88— li6.55=) 92.33 horses 
measures the resistance opposed by the drag of the screw at 
the speed of vessel 6.9 knots per hour. 

If now, the vessel being under sail alone and dragging the 
screw revolving, the speed being the same as before, namely 
6.9 knots per hour, but the water instead of being smooth as 
before, were so rough as to increase the normal resistance of 
the vessel one-third; then the power to obtain this speed will 
also be increased one-third, and will become instead of 146.55 
horses, (146.55X^i=) 195.40 horses, while the power op- 
posed by the drag of the screw will continue the same 
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92.33 horses as before, because it ie uiiinflueiiced by rough- 
ness of water and depends only on speed of vessel. Now if 
the screw were hoisted out of water, the vesael would evi- 
dently receive an acceleration of speed equal to what would 
be produced by the application of an additional power of 92.33 
horses ; and as the speeds are in the ratio of the cnbe roots of 

the powers, the speeds would be in the ratio of \/19bA0 to 



V195-40.-|~92.33; and the speed 6.9 knots would become 1.85 
knots per hour; the difference between these speeds ie 0.95 
knot which is C'^^gs'*^"'' ^ 1^ per centum of tho speed of 
the vessel with the screw hoisted out of water, instead of 
15 per centum as in smooth water. 

We may then consider it established, that the diminution 
of the speed of the " Mass achus ems" due to the drag of the 
screw, would bo in smooth water 15 per centum; and in water 
of such ■roug'hnesB as is usually found at sea with wind suffi- 
cient to sail the vessel, 12 per centum of the speed that would 
have been obtained by the vessel had the screw been hoisted 
out of water. 

Performance at Sea under the CendUioms 
of OrMnm'y JPractice. 

The following Tahlee contain all that is recorded in the Log 
Books at the Navy Department of the performance of the 
vessel at sea under the conditions of ordinary practice, and 
with the hereinbefore described machinery. The average 
mean draught of water was 15 feet 8 inches. Area of 
greatest immersed transverse section 405 feet. Displace- 
ment 1361 tons. The average vacuum in the condenser was 
25 inches of mercury per gauge. The steam was eut off at 
one-fourth the sti-oke from the commencement. In the column 
of " Slip of the Screw " in the Table of the " Performance 
under Steam and Sail," the minus mark ( — ) prefixed to the 
figures shows the per centum that the longitudinal speed of 
the screw is less than the speed of the vessel. 
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Summary of the Steam Log. 
The following Siimmai7 exhibits the perfoimancf" nf tliu 
vessel under ateam alone, under steam and sail comliined, 
and the means of the whole, both under steam alone, 
and combined with sail. The piston pressures are by In- 
dicator 
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